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The  purpose  of  these  studies  and  tests  was  to  determine  a  possible  method 
for  removal  of  radioactive  debris  from  large  paved  areas  following  a  nuclear 
detonation.  It  must  be  anticipated  that  a  nuclear  detonation--either  a  near 
miss  or  a  distant  exptosion~-could  result  in  radioactive  contamination  of  high 
Intensit".  The  radiation  intensitv  could  be  of  such  magnitude’  that  it  would 
prevent  an  operator  from  entering  the  field  and  performing  manual  decon¬ 
tamination.  Operational  necessity  requires  immediate  removal  of  the 
contaminant,  thus  excluding  the  possibility  of  a  time  delay  to  permit  natural 
decay  of  the  radioactive  elements 

This  study  was  conducted  under  ARDC  Technical  Requirement  153-56  to 
investigate  the  use  of  automatic  decontamination  devices  and  methods  for 
runway  and  ramp  areas. 


II.  INTRODUCTION. 

With  the  advent  of  high-yield  nuclear  weapons,  thought  has  been  given 
by  the  Air  Force  to  the  removal  of  vital  installations  iwto  protective  shelters. 
These  shelters,  irr  mune  to  blast,  shock,  and  radiation,  would  provide  ade¬ 
quate  protection  internally,  but  could  be  located  in  such  places  that  the 
resultant  fallout  radiation  intensities  externally  could  be  very  high.  The  use 
of  the  exterior  work  areas  of  such  an  installation  would  be  prohibited  until 
such  tirr.e  as  the  level  of  the  radiation  was  reduced  to  tolerable  limits  for 
personnel  activities. 

Although  experimental  evidence  has  indicated  that  an  area  exposed  to 
moderate-to- severe  structural  damage  will  not  be  subjected  to  fallout  for 
approximately  1  hour,  it  is  not  anticipated  that  any  significant  amount  of 
cleanup  could  be  accomplished  during  this  period  because  of  the  disorder 
and  confusion  which  would  follow  the  catastrophe.  Consequently,  it  is 
probable  that  some  cleanup  of  debris  v/ould  have  tn  be  accomplished  in  the 
presence  of  fallout. 

These  studies  and  te',ts  resulted  from  the  Air  F;.rce  req  .rjment  to 
determine  a  feasible  method  of  returning  a  tactical  install.'\tion  to  an  oper¬ 
ational  status  following  a  nuclear  attack.  For  retaliatory  purposes,  it  is 
desirable  that  the  installation  be  returned  to  an  operational  status  at  the 
earliest  possible  time. 
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St  iiiios  were  made  t**  <lclcrinii>p  tho  earlii'st  titna  that  <lcr ontamination 
prixoiln  r<>s  could  bt;  inst' I  uttul.  This  time  was  established  as  the  tirne  of 
cessation  of  the  fallout  resulting  from  the  detonation.  In  all  rases  where  the 
site  was  at  a  "close-in"  location,  the  lime  of  cessation  of  the  fallout  revealed 
ra<liation  intensities  of  a  very  hieh  decree. 

Since  .ecovery  of  an  installation  at  the  earliest  time  is  of  paramount 
importance,  it  is  not  possible  to  expert  personnel  entry  into  high-’ntensity 
areas  at  these  early  perio<ls.  Untler  the  conditions  encounterec,  a  lethal 
dose  of  radiation  could  possibly  be  acquired  in  a  matter  of  a  few  minutes, 
I'.ven  with  the  application  of  the  maximum  perinissible  wartime  dose,  this 
limit  would  be  reached  in  such  a  short  time  that  no  work  capacity  of  an 
individual  could  be  expected  and  no  direct  manual  decontamination  could  be 
executed.  (.See  table  1.) 

Various  methods  of  protection  were  investigated;  the  most  logical  was 
the  shielding  of  the  operator's  position  on  decontamination  equipment,  but 
this  proved  unsatisfactory  in  high-intensity  areas.  This  is  explained  mors 
fully  later. 

Table  1 

T  '.AOIATK.'N  UOSE  RF.CFIVKD  IN  CONTAMINATF.D  AREa' 

Total  dose  received  If  Radiation  at  H+  1  hour  Is: 


Time  ol  otrv 

(roentgens) 

1.  000  r/hr 

10.  000  r/hr 

1 1  f  1  hou  r 

100 

8  min 

<1  min 

200 

16  min 

<  3  min 

H  +  3  hours 

100 

24  min 

<  3  min 

?.00 

55  min 

4  min 

Ht  1  day 

1  00 

Si/j  hrs 

30  min 

2  00 

12  hrs 

1  hr 

•Since  it  was  not  possible  to  provide  a  method  to  protect  decontamination 
workers  for  actual  entry  into  the  Irraiiiated  areas,  the  next  step  was  to 
devise  a  meatis  of  controlling  the  <lec  ontamination  equipment  from  a  point 
where  adequate  protection  could  be  afforded  the  operaior.  This  led  to  the 
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instnllation  ol  rt'iiiotc  jjiii<lan<  p  facilitips  on  dci  ontamination  eqnipinent  and 
to  the  subsequent  preliminary  studies  and  tests  reported  in  this  document. 

The  vehicle  chosen  for  testing  the  concept  of  remotely  controlled  decon¬ 
tamination  was  a  modified  version  of  the  Model  '00  vacuum  street  sweeper 
built  by  the  G.  H.  Tennant  Company,  Minneapolis,  Minnesota.  Equipped 
with  a  radio  guidance  system  and  television  cameras,  the  sweeper  was 
designed  to  clear  a  7i.i-foot  path  of  radioactive  debris  ranging  in  size  from 
more  than  2  inches  io  less  than  S  microns  in  diameter  with  an  efficiency  of 
better  than  't'l  percent.  The  material  removed  is  then  transported  to  a 
remote  area  and  dumped  in  a  predetermined  location  with  the  vehicle  still 
under  remote  control. 

Using  the  television  system,  an  operator  may  survey  the  surrounding 
terrain  so  that  a  damage  survey  can  be  made  in  conjunction  with  the  cleanup 
operation.  The  remote  operation  of  the  sweeper  is  controlled  from  a  pro¬ 
tected  duplicate  of  the  marual  controls.  The  operator  sits  at  a  console, 
similar  to  a  telephone  switchboard,  on  which  are  mounted  the  controls  with 
which  he  can  perform  more  than  a  score  of  different  functions.  By  pushing 
buttons,  flipping  switcher,  pressing  pedals,  or  nudging  sticks,  he  can  steer 
the  vehicle,  shift  gears,  move  the  throttle,  operate  the  brakes,  empty  the 
sweeper,  and  perform  a  number  of  other  operations. 

The  material  presented  in  this  report  is  not  complete,  since  the  studies 
rr  ide  were  preliminary  and  directed  toward  determination  of  the  feasibility 
of  this  type  of  operation. 

The  preliminary  test  results  reported  herein  were  obtained  from  testing 
performed  at  Camp  Parks,  California,  in  conjunction  with  experiments  being 
performed  by  the  Naval  Radiological  Defense  Laboratory,  San  Francisco, 
California. 

III.  DISCUSSION. 

A.  History  of  project. 

Prior  to  the  studies  and  tests  conducted  on  the  remotely  controlled 
decontamination  sweeper,  extensive  surveys  were  made  to  determine  which 
of  several  methods  of  decontamination  could  be  employed  most  feasibly.  In 


each  of  the  iticthoils  of  ileconlaniinatioii  invp stiKatccl,  consideration  was  given 
to  various  factors  involved,  incliuling 

1.  F.fficiency  of  operation  in  contaminant  removal. 

.^daptahil ity  of  operalicn  to  contaminated  site  and  geographical 

location. 

■5.  General  economy  of  operation. 

4.  .Applicability  to  both  low  and  very  high  radiation  intensity  areas. 

5.  Personnel  hazards  involved  in  operation. 

6.  Vulnerability  to  aggressive  action. 

These  were  the  general  areas  considered.  It  is  recognized  that  for  special 
applications,  other  factors  could  be  involved.  The  factors  are  not  in  o  der 
of  importance,  this  again  being  determined  by  the  specific  application. 

An  attempt  was  made  to  find  a  decontamination  method  that  would  prove 
satisfactory  under  all  the  conditions  listeo  above.  Investigation  of  work  and 
experiments  done  by  other  agencies  with  s;'  lilar  interests  revealed  that  no 
completely  satisfactory  procedure  or  equipment  had  been  evolved  at  ‘hat 
time.  However,  all  previous  ways  were  considered  with  the  idea  that  some 
method  or  combination  of  m>thods  could  be  compounded  into  an  acceptable 
system.  Following  are  examples  of  the  techniques  investigated  and  the 
primary  reasons  why  each  was  discarded  in  lieu  of  the  subsequent  develop¬ 
ment  of  a  remotely  controlled  vehicle  type  of  operation.  Each  method  is 
summarized  and  data  in  many  instances  were  gathered  from  reports  of  more 
detailed  tests  conducted  by  other  agencies.  It  must  be  kept  in  mind  that  the 
prime  requisite  of  the  desired  system  was  that  it  be  acceptable  In  radiation 
fields  of  very  high  intensity,  covering  an  extensive  area.  The  decontamination 
was  required  for  haid  surfaces  only  (asphalt  paving,  concrete,  etc.  ),  and 
only  dry  contaminants  were  considered. 

B.  Decontamination  systems  investigated. 

I,  I. and  washdown  systeins. 

This  system  was  primarily  considered  in  that  it  could  lend 
itself  to  unmanned  operation  and  had  the  possibility  of  being  adapted  into  a 
fully  automatic  system. 
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".'aHhilown  p  roi  fihi  re*-  in  Ihc  radiation  areas  involvc-d  in  this  study 
prescMilod  iisaiiy  more-  prolilcrns  tlian  iiad  been  originally  anticipated.  In  all 
instances  where  lestiiie  of  this  type  was  i  ondiicted,  hewever,  the  contaminant 
remi)\’ il  efficietn  y  proved  s;, t i  M at' to ry — ''S  percent  or  better.  The  techniques 
required  to  attain  this  eflii  ieiity  were  in  most  cases  adverse  to  the  re- 
quirem.  r.ts  of  the  a< a  <‘plable  system  outlineil  in  this  study. 

a.  Va  (pianlities  of  water  are  required.  Available  ilata  indi¬ 
cate  that  it  takes  approximately  1.  “1  ;;allons  of  water  for  every  square  foot 

> 

of  area  that  is  decontaminated'  .  In  places  where  1,  00(,',  000  square  feet  cr 
more  of  surface  may  require  decontamination,  the  quantity  of  water  necessary 
would  be  prohibitive.  In  areas  where  a  fri‘sh  water  supply  was  not  available, 
storage  facilities  would  have  to  be  quite  large,  even  if  e  recirculating  system 
could  be  deviseil. 

b.  Special  construction  would  have  to  be  employed.  Since  most 
areas  used  by  Air  Force  equipment  are  ntirmally  constructed  on  a  level  plane, 
wasbdowu  woubl  not  be  sufficiently  effective.  A  definite  slope  is  needed  for 
proper  drainage  to  maintain  a  water  velocity  great  enough  to  suspend  the 
particulate  being  n-moved  until  it  reaches  a  sump  or  disposal  location.  These 
sumps  would  also  require  special  construction  so  as  to  be  strategically  spotted 
for  contaminant  I'ollection. 

c.  Plumbing  syst»mis  would  be  extensive.  The  water  dispersal 
system  would  have  to  be  large  enough  to  provide  adequate  coverage  of  the 
contaminated  areas. 

d.  The  complete  washdo  vn  system  would  be  very  vulnerable 

to  blast.  I'.ven  if  ground  displacement  were  small,  numerous  system  ruptures 
could  be  anticipated. 

e.  The  cost  of  an  adequate  system  would  be  prohibitive. 

1  or  these  reasons,  andotlie  -s  not  itemi'^ed  here,  further 
investigation  into  mole  acc  eptable  systems  was  made. 

,  Vehic  le  slitelding. 

.After  a  washdown  .system  was  discarded  as  a  means  of  automatic 
lati'l  -l.'Contn iiiination,  atteiilioii  was  aga>n  directed  to  operations  that  would 
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rpouire  niannetl  «*qui pinfnt.  In  the  railiation  areas  of  interest,  it  was  obvious 
that  some  type  of  operator  protection  would  be  ’■equired  to  permit  prolonged 
work  periods.  This  ted  to  consideration  of  constructing  shielded  cabs  in  the 
operator's  position  on  ea rt.a- movine  type  of  equipment^. 

The  first  step  in  the  decontamination  of  an  area  would  be  the 
removal  of  .arge  amounts  of  tiebris  which  V'ould  range  in  size  from  minute 
particles  to  boulders  of  large  diameter.  Bulldozer  or  grader-type  machinery 
wouUl  be  necessary  to  move  the  larger  masses  to  a  reasonable  distance,  so 
that  only  material  from  a  few  microns  to  an  inch  or  so  in  size  remained. 

This  could  be  removed  by  a  street-sweeper  type  of  vehicle  capable  of  retaining 
Ihis  material  internally  for  transportatio.'i  and  disposal  at  an  appropriate 
location. 

The  Caterpillar  Tractor  Company^,  manufacturer  of  one  type 
of  debris-mov’ng  equipment,  was  queried  as  to  the  ability  of  bulldozers  and 
graders  to  support  appropriate  shielding.  Estimates  for  the  maximum  cab 
weights  which  were  recommended  for  the  various  tractors  are  as  follows: 


Jrftc-tgr 


D4 

D6 

07 

Dfl 


Weight 

s.  nin  lbs 
6,  SOO  Ibj 
8.  .’sn  lbs 
10, non  lbs 


These  weights  were  for  proposed  cab  sizes  'vhich  would  be  of  minimum 
adequ^.i-'y  for  operator  comfort  and  would  give  sufficient  room  for  manipu¬ 
lating  the  verious  tractor  controls. 

The  use  of  1  -inch  lead  in  the  four  area  and  the  sides  of  the 
cab  and  ‘..inch  lead  for  the  cab  top  would  allow  the  weights  of  these  various 
cabs  to  fall  within  the  cab  recommendations.  It  would  not  be  desirable  to 
mount  the  cabs  directly  to  the  deck  struct\ire,  but  supports  could  be  built 
on  the  tractor  main  frame  ana  bevel  gear  cases  to  support  the  added  weight. 
Some  relocation  work,  such  as  moving  controls  to  bring  them  into  the  cab 
area  through  pivoting  shafts,  would  be  required.  This  would  eliminate  the 
necessity  for  providing  slotted  clearance  holes,  and  thus  prevent  radiation 
leakage.  .Some  of  the  instruments  would  require  relocation  for  operator. 


f. 


Figure  1.  Shielded  c*b  on  ERDL  tractor. 

13 S  Army  Photo 

visibility  within  the  cab.  The  possibility  of  having  to  do  some  redesign  work 
on  fuel  tanks,  a'r  cleaners,  deck  members,  etc. ,  also  existed. 

On  the  motor  graders,  cabs  similar  in  design  to  the  regular 
cabs  could  be  constructed  and  supported  satisfactorily.  It  was  suggested  by 
Caterpillar  that  a  cab  of  8,  000  pounds  co  lid  be  supported  without  any  detri¬ 
mental  effect  to  the  motor  grader. 

Considerable  research  has  been  done  by  the  US  Army  Engineer 
Research  and  Development  Laboratory,  Fort  Belvoir,  Virginia,  on  the 
protection  of  equipment  operators  by  slJelding^.  Tests  have  indicated  that 
the  lead  cabs  as  previously  described  can  provide  a  reduction  of  up  to  95 
percent  of  the  radiation  intensity  of  test  fields.  While  this  is  a  significant 
reduction,  and  satisfactory  for  low-intensity  fields,  the  remaining  5  percent 
of  the  radiation  in  a  field  of  5,  000  to  10,  000  r/hr  would  still  result  in  250 
to  500  r/hr.  This  dosage  would  prevent  sustained  operations,  even  with 
frequent  change  of  operators,  since  the  time  necessary  for  entering  the  field 
and  returning  wo  ihi  use  up  a  major  portion  of  the  permissible  work  period 
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of  each  individual.  In  adtiitic.i,  the  contamination  level  of  the  vehicle  could 
be  great  enough  that  its  return  to  the  area  of  operatoi  transfer  would  be 
prohibited. 

The  psychological  factor  involving  the  operator  in  these  high- 
intensity  areas  would  also  be  a  l.miting  factor.  A  man  inclosed  in  a  sealed 
cab  and  sent  into  areas  where  a  mechanical  malfunction  could  possible  cause 
his  death  may  be  handicapped  in  his  working  capacity  by  this  knowledge. 

This,  plus  his  cognizance  of  the  radiation  dose  he  is  receiving,  might  reduce 
his  working  ability  to  a  point  where  no  appreciable  results  could  be  obtained. 

Further  studies  on  shielded  equipment  for  use  in  high-radiotion 
areas  were  discontinued.  It  must  be  remembered  that  although  it  was  deter¬ 
mined  that  this  anproach  is  not  feasible  in  high-intensity  regions,  the  use 
of  shielded  equipment  in  low-intensity  areas  could  prove  quite  valuable  and 
is  moat  likely  the  best  approach  for  the  decontamination  of  these  areas. 

Tables  2  and  3  are  extracts  from  the  USAERDL  report  to  show 
the  protection  that  can  be  obtained  from  the  construction  of  protective  cabs 
for  some  hesvy  equipment.  Shielded  equipment  could  satisfy  most  of  the 
requirements  listed  in  section  III  of  this  report  for  high-level  work,  but  in 
reiteration,  the  protection  factor  supplied  by  the  permissible  shielding  limits 
their  use  to  radiation  fields  of  lower  intensity  than  those  of  primary  interest. 

3.  Remotely  controlleu  motorised  equipment, 
a.  Introduction  and  background. 

During  the  course  of  ii  vestigating  the  preceding  decon¬ 
tamination  methods,  it  was  decided  to  concentrate  the  atudles  on  remotely 
controlled  equipment;  specifically,  a  waterless,  vacuum -equipped,  street- 
type  sweeper.  Justification  for  this  remotely  controlled  device  was  the 
critical  factor  of  radiation  exposure  of  the  decontamination  crews.  Crews 
which  would  be  required  to  conduct  manual  operations  could  not  commence 
until  natural  decay  of  the  fallout  rudiatlon  had  lowered  dose  rates  to  a 
reasonable  level.  This  delay  could  be  several  weeks  or  more,  while 
resumption  of  activities  at  a  particular  Air  Force  site  may  be  necessary 
within  a  few  hours.  (See  table  1. ) 
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Table  2 


PROTFCTION  FACTORS  FOR  A  PROTOTYPE  LEAD  CAB 
FOR  DP  DOZER  IN  300--YARD  RADIUS  CO.60  FIELD 


LEAD  THICKNESS  '  PROTECTION  FACTOR* 

- tiachgal _ OEERAmS^EOSlIlQH _ 


Lower 

Upper 

IKPlHi 

1^^ 

Floor 

Abdomen 

Height 

Head 

Heleht 

0 

0 

0 

0 

0 

1.9 

1.  5 

1/4 

G 

0 

1/4 

1/4 

2.9 

1.6 

1/4 

V4 

0 

1/4 

1/4 

2.9 

2.  4 

1/2 

0 

0 

1/2 

1/2 

3,5 

1.6- 

1/2 

1/2 

0 

1/2 

1/2 

4.5 

3.  2 

1 

’/2 

0 

1 

1 

8.  1 

3.6 

1 

0 

0 

1 

1 

5.  9 

1.  7 

1 

1 

0 

1 

1 

8.7 

5.  8 

1 

1 

'/'• 

1 

1 

9.7 

5,  9 

1 

1 

1 

1 

1 

9.4 

7.  2 

•Protection  factor  «  free  field  doae  rate  at  3  feet _ 

inside  dose  rate  at  measured  height 


Table  3 

PROTECTION  FACTORS  FOR  A  #12  GRADER  WITH 
PROTECTIVE  CAB  IN  300.YARD  RADIUS  CO-60  FIELD 


LEAD  THICKNESS  PROTECTION  FACTOR 

_ lin^hul _ OPERATOR  STANDING 


Lower 

Uoper 

Seat 

'  Floor 

Abdomen 

Heieht 

Head 

Helifht 

0 

0 

0 

0 

0 

2. 1 

1.4 

1/4 

0 

0 

1/4 

1/4 

2.6 

1.  8 

1/4 

1/4 

0 

1/4 

1/4 

3.0 

2.  1 

1/2 

1/2 

0 

1/2 

1/2 

5.2 

3  1 

1 

1/2 

0 

1 

1 

5.  1 

1 

1 

0 

1 

1 

10.9 

7.  1 

1 

1 

1/4 

1 

1 

12.4 

8.9 

1 

1 

1 

1 

1 

12.6 

8.4 

The  need  for  decontamination  of  large  areas  promoted  the 
use  of  a  motorised  sweeper.  Since  the  fallout  particulate  with  which  most  of 
the  radiation  wotild  be  associated  would  be  of  fairly  sma’.’  slue,  a  sweeping 
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method  with  complete  retention  of  the  particles  was  required.  It  was  believed 
that  the  complexities  of  a  sweeping-type  vehicle  could  provide  a  typical  appli¬ 
cation  of  the  proposed  system;  then  other  required  vehicles  could  be  patterned 
after  this  particular  sy;<tem.  The  sweeper  therefore  would  be  the  most  apt 
point  to  start  the  application.  About  the  same  time  the  decision  was  made  to 
concentrate  research  or  sweeper-type  equipment,  a  requirement  from  AHDC 
was  presented  to  the  Air  Force  Special  Weapons  Center  to  hivestigate  the  use 
of  a  vacuum  sweeper  for  use  as  a  decontamination  vehicle. 

b.  Sweeper  requirements. 

The  requirements  as  set  forth  by  AROC  were  that  the  sweeper 
would  consist  of  a  large  four-wheeled  vehicle  with  a  rhielded  cab  area  for  the 
operator.  The  equipment  was  to  consist  of  a  broom,  a  high-efficiency  vacuum 
system,  and  a  shielded  cn.ntainer  for  storage  of  debris  collected  from  the 
contaminated  area.  It  was  to  be  capable  of  decontaminating  approximately 
500,  000  square  feet  of  concrete  in  1/2  hour,  with  a  90  percent  efficiency  of 
removal  of  dry  contaminant. 

c.  Review  of  available  equipment. 

(1)  Coleman  runway  vacuum  sweeper. 

The  requirements  from  ARDC  closely  paralleled  the 
specifications  of  the  Coleman  Runway  Vacuum  Sweeper  developed  by  the 
Coleman  Engineering  Company,  Inc.  of  Los  Angeles,  California  (see  figure 
3).  The  feasibility  of  thielding  the  operator’s  cab  had  already  been  studied 
and  found  impractical.  Depending  upon  material  used  and  rpace  required  for 
the  operator,  an  added  weight  of  6,  000  to  20,  000  pounds  would  be  required. 
This  might  be  used  in  some  instances  on  heavy  quipment,  but  would  seriously 
impair  the  operation  of  a  relatively  light  vehicle. 

Investigation  of  the  Coleman  sweeper  Indicated  that 
extensive  modification  to  the  unit  would  be  necessary  to  make  it  suitable  for 
decontamination  purposes.  The  US  Naval  Civil  Engineering  and  Research 
Evaluation  Laboratory  at  Port  Hueneme,  California,  had  initiated  a  study 
contract  with  the  Coleman  Engineering  Company  to  determine  the  feasibility 
of  adapting  the  Coleman-designed  airfield  vacuum  cleaner  for  vise  in  ef¬ 
fectively  decontaminating  paved  areas. 
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Figure  3.  Colcmen  runway  vacuum  iwtcpar. 


From  the  concluaiona  of  the  Engineering  Statue  Report 
prepared  by  the  Coleman  Company  the  following  information  waa  drawn: 

Separation  of  contaminant  la  a  multi*  jtage  operatlr  .1. 

The  etandard  Cole*Vac  aeparation  apparatua  will  remove 
58%110%  of  the  entrained  duet.  The  remainder  la  diacharged 
through  the  air  bleed-off  port  and  mu  at  be  aeparated  by 
aupplemental  aeparation  machinery.  Commercial  machinery 
capable  of  aep.:.rBtlng  the  entrained  duat  from  the  bleed-off 
air  to  meet  decontamination  apeciflcationa  la  ao  large  and 
unwieldy  that  it  ia  not  auitable  for  uae  In  a  mobile  unit. 

Specialty  deaigned,  high  efficiency  cyclone  aeparatora  are 
reportedly  available  which,  if  uaed  In  aerlea  with  inter¬ 
mediate  cyctonea  of  commercial  type,  can  handle  the  volume 
and  denaity  load  and  aeparate  and  retain  the  entrained  duat 
to  apecified  99%.  Thla  combination,  together  with  the 
intermediate  atage  fan  and  motor  neceaaary  to  maintain 
functional  velocity  in  the  alr-atream,  can  be  mounted  on 
a  lerg«  trailer  and  towed  by  the  etandard  Cole-Vac. 

Flexible  ducting  can  be  inatalled  between  the  two  vehlclea. 


To  accomplish  the  requirpt!  mission,  it  would  be  neces¬ 
sary  to  lengthen  greatly  the  present  Colo- Vai  sweeper  by  the  addition  of  a 
large  trailer  attached  to  the  sweeper.  It  appears  from  the  Engineering  Status 
Report  that  a  brush  assembly  shouM  be  adcle.i  m  iror  I  of  the  sweeper  and  a 
aeries  of  cyclone  separators  to  the  rear.  1  he  (lole-Vac  sweeper  has  an 
overall  length  of  30  feet.  The  separator  system  aibled  to  the  rear  would 
Increase  the  length  approximately  another  30  feed.  In  ailditiun,  the  broom 
system  attached  to  the  front  of  the  vehicle  would  increase  the  length  still 
another  few  feet. 

Because  an  extremely  large  vehicle  would  be  necessary 
to  attain  the  OQ  percent  effi<  iency  and  because  of  the  “xtremely  high  cost  of 
all  the  necessary  machinery  to  make  the  Cole-Vat  suitable  for  decontamination 
work,  the  vehicle  was  eliminated  from  .XF.^^'.VC  consideration  as  a  possible 
decontamination  sweeper. 

The  i’S  Naval  Civil  Engineering  I.aboratory,  Port 
Hueneme,  California,  further  substantiatcul  AFSWC's  opinion  in  their 
Technical  Nole^  with  this  statement: 

NCFII,  work  on  pavement  decontamination  was  initiated 
with  a  feasibility  study  contract  with  the  floleman 
Engineering  Company  on  a  high  speeil  runway  vacuum 
sweeper.  .  .  This  study  resulteil  in  a  determination 
that  the  Coleman  runway  vacuum  sweeper  coultl  not 
eco.  jniically  be  converteil  for  ilecoutamination  sweeping. 

(2)  Tennant  Motlel  10  )  sweeper. 

Continuetl  investigetion  le'l  tt'  the  discovery  of  the  Model 
100  vacuum  sweeper  btiilt  by  the  Cl.  H.  Tennant  tltunpany  of  Minneapolis, 
Minnesota.  Preliminary  studies  intlicated  that  this  sweeper  was  of  the  type 
which  rould  be  easily  convertetl  into  an  exi  ellenl  tlecontamination  unit.  The 
Tennant  Company  demoiistratetl  to  AFSW'CI  pers-  unel  the  picki  p  capabilities 
of  the  Model  100.  The  following  objects  were  spread  in  a  3-foot  path  20  feet 
long: 

'.  Coke  bottles 
1  beer  can 

10  pounds  of  rock,  pea  gravel  to  ■’-iiu  h  si/e 
7,  boards,  1  x  4  x  17  incher 
10  1/7-inch  I.  D.  aluminum  wasi.l‘^^ 
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10  1/2-inch  I.  D.  steel  washers 

f)  1/4-inch  28NF  2-inch  bolts  with  nuts  detacheri,  aluminum 

5  ! /4-inch  28NC  2.-inch  bolts  with  nuts  detached,  steel 

5  5/fl-inch  14NC  l-inch  bolts  with  nuts  detached,  steel 

^  Vellumord  gaskets 

The  sweeper  demonstrated  100  percent  pickup  of  the  objects.  A  standard 
production-line  Model  100  was  purchased  to  perform  experiments  to  determine 
its  effectiveness  for  decontamination  of  hard  surfaces.  Ti-sts  were  conducted 
in  conjunction  with  a  series  of  decontamination  experiments  performed  in 
September  19S8  by  the  Naval  Radiological  Defense  Laboratory  at  Camp 
Stoneman,  California.  These  Initial  tests  indicated  that  the  sweeper  would 
perform  satisfactorily.  A  complete  description  of  the  Tennant  100  and  a 
thorough  analysis  of  the  test  data,  as  well  as  the  same  information  for  other 
sweepers,  appear  in  USNRDL-TR-336®  and  PSNCEL  N-376^. 

(3)  ARDC-Tennant  lOODS  sweeper. 

The  field  testing  at  Camp  Stoneman  indicated  certsio 
modifications  were  necessary  for  the  Model  100  if  it  were  to  meet  all  the 
specified  requirements.  A  contract  was  initiated  with  the  C.  H.  Tennant 
Company  to  incorporate  all  these  modifications  into  a  prototype  model  suitable 
'or  remote  coiitrolling.  This  will  be  referred  to  as  the  Model  lOODS. 

(a)  Design  specifications  of  the  Model  lOODS. 

After  a  detailed  study  of  the  Model  100,  the  im- 
pro.^ments  considered  necessary  in  the  construction  of  the  lOODS  were 
compiled  and  submitted  to  the  cont  actor.  The  general  outline  of  requirements 
listed  in  the  Statement  of  Work  was  as  follow?: 

The  sweeper  will  be  a  fhial  purpose  sweeper  which  will 
be  usetl  during  periods  of  emergency  following  a  nuclear 
detonation  as  a  decontamination  sweeper,  and  during  non- 
emergency  periods  as  an  aircraft  ramp  and  taxiway  cleaner. 

The  sweeper  will  be  capable  of  decontaminating  tip  to 
600,  000  square  feet  of  con<  r<?te  or  asphalt  surface  per 
hour  with  a  minimum  of  08%  efficiency  on  dry  contam* 
nants.  It  will  have  very  high  maneuverability,  enabling 
it  to  operate  around  parked  aircraft,  or  in  small  areas 
where  decontamination  must  be  effected.  Its  over-all 
dimensions  will  be  s'ich  that  air  transportation  can  be 
provided  'n  present  Air  Force  cargo  type  aircraft  of  the 
C  -  1  2  4  ty  pe . 


I 
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Figure  4,  Tennant  model  100  vacuum  aweeper. 
G.  H.  Tennant  Photo 


Aa  a  decontamination  aweeper  it  will  be  uaed  to  decontami¬ 
nate  operational  areaa  contaminated  by  radioactive  debria 
reaulting  from  a  nuclear  detonation.  It  will  be  capable  of 
retaining  particles  of  less  than  5  microns  in  size,  and  as 
shown  in  recent  operational  service  tests,  capable  of 
decontamination  of  a  high  degree  of  efficiency. 

As  a  sweeper  for  taxiways  and  ramps,  it  will  be  effective 
in  picking  up  and  retaining  large  size  foreign  objects  which 
could  drawn  into  Jet  type  aircraft  engines.  The  small 
and  large  particles  will  be  picked  up  and  retained  in  one 
operation. 

Some  of  the  more  detailed  areas  defitsed  for  incorporation  into  the  'OODS 
Sweeper  were  the  following: 

Decontamination  efficiency  of  the  Model  100,  even  though 
exceptionally  good,  can  be  improved  by  addition  of  greater 
vacuum  and  air  agitation. 

Quantity  of  material  retained  can  be  increased  to  give 
longer  operational  periods  between  emptying. 
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Figure  5.  ARDC-Tennant  Tiodel  lOODS  vacuum  sweeper, 
G.  H.  T?-jnBnt  Photo 


S.veeping  capabilities  can  be  increased  to  decrease  the 
time  required  to  clean  a  given  area. 

In  addition  to  the  above  improvements,  it  is  desirable 
to  equip  the  sweeper  for  completely  remote  control  oper¬ 
ation.  This  is  necessary  so  that  during  decontamination 
operations,  when  it  is  not  possible  to  send  an  operator 
into  high  radiation  areas,  the  decontamination  procedures 
can  be  completed  without  delay. 

The  sweeper  must  conform  to  the  present  Model  100  in 
regard  td^^performance,  equipment,  and  operation  as 
closely  as  possible. 

Main  broom  will  hav»  a  length  of  approximately  8  feet, 
or  as  close  thereto  as  a  maximum  machine  width  of  8 
feet  will  allow. 

Hopper  capacity  will  be  approximately  4  cubic  yards,  with 
Interior  contours  designed  to  allow  clean,  complete  dumping. 

Pickup  system  will  be  devised  to  facilitate  decontamination 
capabilities  by; 


Installation  of  air  jets  in  close  proximity  to  main 
broom  to  bring  into  air  saspension  the  small  particles 
not  removed  by  broom,  which  will  be  collected  by  the 
vacuum  system. 

Installation  of  air  jets  along  side  of  broom  to  control 
"trailing,  " 

Installation  of  two  engines  instead  of  one.  One  engine  will 
drive  vacuum  system,  brushes,  and  other  such  equipment, 
and  the  second  engine  will  provide  the  power  for  propulsion. 

Engines  will  be  equipped  with  automatic  chokes,  and 
designed  for  all  weather  operation. 

The  propulsion  engine  will  be  equipped  with  a  torq'ie 
converter  transmission  and  equipped  with  such  speed- 
selection  mechanisms  as  to  allow  four  forward  speeds, 
neutral  and  reverse. 

The  electrical  system  will  be  24-volt,  shielded  to  meet 
radio  interference  suppression  specification  MIL-S-10379A, 
non-tactical  use.  A  24-voU  DC  generator  power  source 
having  a  capacity  of  150  amperes  will  be  used  tr  supply 
power  for  the  remote  control,  television  and  other  radio 
equipment. 

Adequate  lighting,  front  and  rear,  will  be  provid  .d  for 
day  or  night  remote  operations. 

The  hydraulic,  electrical,  and  mechanical  systems  will 
be  equipped  with  the  proper  valves  and/or  solenoids 
necessary  for  remoting  the  equipment.  The  electrical 
circuits  for  the  remote  operations  will  terminate  in  a 
suitable  weather-proof  receptacle  into  which  the  remote 
equipment  can  be  plugged. 

As  many  combined  operations  as  are  practical  will  be 
incorporated  in  the  remoting  of  the  vehicle  so  that  remote 
operator  training  can  be  kept  to  a  minimum.  One  example 
of  joint  operation  is  the  combined  shaking  and  dumping  in 
such  a  manner  of  time  delay  sequence  that  the  shaker  will 
operate  for  approximately  30  seconds,  and  will  cease  as 
the  hopper  is  closed,  resetting  itself  for  another  cycle 
of  operation. 

An  automatic  cut-off  system  will  be  employed  so  the 
engines  will  be  shut  off  and  the  brakes  applied  nhould 
adequate  radio  signal  not  be  received. 

Sufficient  fuel  capacity  i.nd  other  requirements  will  be 
provided  to  allow  for  12-hours  continuous  operation 
without  need  for  servicing  or  adjustment. 


Figure  6.  Model  109DS  with  hopper  open. 

Concurrently  with  the  contrnct  for  the  aweeper, 
a  contract  wae  initiated  with  thcCuatom  Electronics  Company,  El  Paso,  Texas 
to  provide  the  guidance  system  for  the  vehicle.  This  equipment  is  used 
specifically  to  remotely  operate  the  sweeper  and  provide  voice  communication 
between  the  sweeper  and  the  control  center. 

The  visual  control  ei^uipmeat  consists  of  a  television 
transmitting  and  receiving  system  by  means  of  which  constant  visual  contact 
can  be  maintained  with  the  area  being  decontaminated.  The  television 
equipment  is  used  as  the  "eyes"  of  the  vehicle.  In  addition,  a  radio  link  is 
maintained  between  the  sweeper  and  the  control  center  utilizing  a  tone 
modulation  system  for  function  control  and  operation  of  the  venicle. 

(b)  Technical  discussion  of  Model  lOODS. 

The  operation  of  the  sweeper  is  very  much  like  the 
operation  of  a  home  vacuum  sweeper.  Specially  designed,  crimped- steel -wire 
brushes  dislodge  and  carry  the  large-size  residue  into  the  hopper.  At  the 
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sa'ne  time,  these  rotating  brushes  scour  the  surface  and  bring  into  suspension 
the  small  particles,  where  the  airstream  from  the  vacuum-  system  carries  them 
to  the  filter  bags  where  they  are  removed  from  circulation  by  the  filters  prior 
to  the  air  discharge.  These  filters  are  capable  of  removing  particles  as  small 
as  5  microns  in  size.  Immediately  behind  the  brushes  is  a  row  of  air  Jets, 
spaced  I  inch  apart,  which  dislodge  the  very  small  particles  which  might  be 
lying  in  the  small  pits  and  crevices  of  the  surface  being  cleaned.  The  high 
velocity  air  jets  agitate  the  materials  into  suspension  sc  that  they  can  be 
removed  by  the  vacuum  system.  (See  figure  8. )  In  this  manner  removal  and 
retention  of  greater  than  99  percent  of  the  radioactive  particles  are  possible. 
Tests  made  on  a  Model  100  having  the  same  type  of  filtration  system  showed 
that  there  was  such  a  smalt  amount  of  material  discharged  from  the  air  outlet 
that  it  was  not  measurable  and  could  be  completely  neglected. 

Once  the  hopper  is  filled  to  capacity,  emptying  at  a 
designated  spot  is  an  automatic  operation.  A  clockwork  timing  mechanism 
performs  the  following  functions  in  the  proper  order  when  activated; 

L  Engine  is  advanced  to  full  throttle  t  j  provide 
adequate  Hydraulic  pressure. 

2..  The  shaker  mechanism  is  engaged.  This  shakes 
and  agitates  the  filter  bags  so  that  all  the  fine  residue  deposited  on  them  by 
the  vacuum  airstream  is  dislodged  and  shaken  into  the  main  hopper. 


to  be  emptied. 


2.  The  hopper  is  opened  fully  to  allow  the  debris 


^  The  hopper  is  partially  closed  and  opened  again 
rapidly  to  "bump"  loose  any  material  that  may  not  have  been  emptied. 

S..  Throttle  is  retarded  to  idle. 

The  sweeper  is  now  ready  to  continue  its  decontamination  procedures. 

The  remote  control  of  all  functions  of  the  vehicle 
is  possible  through  modulated  radio  links.  An  RF  carrier  of  the  450-460 
megacycle  range  is  used.  This  carrier  is  provided  by  a  Kaar  TR-SOO 
transceiver  Installed  at  the  control  point  with  a  similar  transceiver  located 
on  the  vehicle.  The  transmitting  portion  at  the  control  point  is  keyed 
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continuously  as  long  as  power  is  provided  to  the  unit.  This  continuous  carrier 
provides  for  an  Innmediate  response  to  all  desired  functions  upon  proper 
signaling.  It  also  provides  a  "dead-ntan‘'  circuit  should  th^  power  to  the 
transmitter  be  lost,  electronic  malfunction  of  the  transmitting- receiving 
components  occur,  or  should  there  oe  a  physical  interference  with  the  RF 
carrier  between  the  control  center  and  the  remote  equipment.  A  physical 
interference  may  be  in  the  form  of  terrain  clearances,  buildings,  or  debris 
ns  the  vehicle  moves  about  the  work  area.  It  must  be  remembered  that  the 
utilization  of  the  UHF  frequencies  in  this  remote  application  results  in 
relatively  "line-of-sight"  type  of  transmission.  If  the  vehicle  enters  a 
depression  or  goes  behind  a  rise  in  tne  gi  tund  level,  attenuation  of  the 
carrier  signal  below  the  miniinum  allowable  reception  level  would  occur  and 
the  dead-man  circuit  would  b«  ectivated.  This  dead-man  circuit  provides 
for  automatic  emergency  operation  of  the  stopping  mechanisms  of  the  lOOOS 
should  interruption  of  the  signal  occur.  At  the  receiver  end  of  the  link  an 
RF-operated  relay,  through  interposing  normally  operated  relays,  provides 
a  circuit  or  path  for  all  functions  to  be  performed  as  well  as  a  path  for  engine 
ignition.  Should  the  incoming  signal  b*  lost  for  some  reason,  the  RF  relay 
will  become  inoperative,  breaking  all  function  paths  and  at  the  same  time 
operating  automatically  certain  other  relays  which  brake  the  vehicle  to  an 
emergi.ncy  stop,  shut  off  the  engine,  retard  the  throttle,  move  the  trans¬ 
mission  to  neutral,  and  set  the  parking  brakes.  Through  a  time-delay  system 
all  power  4  s  turned  off  throughout  the  vehicle  after  all  of  these  operations  have 
been  completed.  This  is  to  conserve  battery  power  for  subsequent  restarting. 
This  same  shutdown  system  can  be  activated  by  the  remote  operator  should 
an  emergency  arise  that  requires  an  Immediate  stopping  action. 

The  RF  link  provided  by  the  Kaar  equipment  controls 
vehicle  or  television  functions  by  modulating  them  with  Hammarlund  tune 
signaling  and  decoding  equipment.  Tone  signal  generators,  fully  transistorizid 
for  low-power  consumption,  supply  a  tone  of  audio  frequency  for  modulation 
of  the  carrier  which  is  received  at  the  v'^hicle  by  similar  receiving  equipment. 

A  tone  receiver  or  demodulator  receives  the  Incomiag  signal,  removes  that 
portion  for  which  it  is  tuned,  and  sends  this  audio  signal  to  a  decoding  point. 

At  this  point  the  signal  is  amplified  and  used  to  operate  an  interposing  relay 
which  in  turn  operates  the  relay  which  performs  a  certain  function.  It  must 
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be  remembered  that  these  demodulators  are  tuned  for  only  one  discrete 
frequency  and  will  operate  only  if  that  particular  tone  is  being  received. 

One  demodulator  is  required  for  each  tone  used;  in  the  case  of  this  appli¬ 
cation,  13  units  —  5  for  the  vehicle  control,  3  for  the  steering  control,  and 
5  for  the  television  control.  The  funciion  relays  are  operated  only  if  a  certain 
series  of  these  tones  or  a  certain  code  is  received.  It  is  conceivable  that  a 
signal  of  proper  frequency  from  si  me  extraneous  source  could  operate  the 
decoding  equipment.  This  could  result  in  spurious  information  being  received 
by  the  function  relays,  causing  their  operation  at  a  most  inopportune  time. 

To  prevent  this,  a  coding  system  using  sets  of  two  to  five  tones  is  used. 
Therefore,  for  each  function  performance  simultaneous  reception  of  all  the 
tones  of  the  code  askigned  to  that  particular  function  must  be  effected  at  the 
decoding  unit  to  provide  the  electronic  path  for  its  operation.  The  control 
system  is  very  reliable,  since  reception  of  accidental  or  stray  signals  of 
proper  frequencies  and  timing  in  such  a  manner  as  to  cause  a  function  to 
operate  under  this  coding  system  is  quite  improbable.  Figure  12  shows  the 
coding  system  used  for  both  the  vehicle  control  and  television  control. 

The  same  type  of  system  is  used  for  control 
of  the  television  transmitting  system.  Full  control  is  maintained  over  the 
cameras  and  transmitters  from  turning  the  power  on  by  remote  control  to 
all  movements  of  iris,  focus,  and  range.  A  separate  RF  link  is  used  for 
the  television  to  permit  greater  vei  satllity  of  equipment  use  during  testing 
phases.  One  carrier  could  be  used,  since  as  many  tones  as  desired  can  be 
used  in  the  modulation.  However,  separation  of  vehicle  and  video  control 
cannot  be  attained  with  one  carrier,  and  at  times  there  may  be  reason  to 
operate  one  without  the  other  for  maintenance  or  test  purpKises. 

Three  individual  RF  links  were  provided  for  the 
complete  remote  control  operation.  Because  of  the  remote  control  system 
employed,  only  one  function  at  a  time  could  be  performed  on  each  1-nk.  This 
system  was  employed  for  economy  reasons  during  the  feasibility  study, 
although  it  is  recognised  that  multiple-function  selection  in  an  o  'rational- 
type  vehicle  is  desirable. 

One  of  the  RF  links  controlled  all  of  the  functions 
of  the  vehicle  with  the  exception  of  the  steering.  As  in  normal  vehicle  driving, 
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steering  is  a  full-time  control  aid  is  usna'iy  used  in  conjunction  with  other 
vehicle  controls.  Close  si.tiulation  of  normal  procedures  was  desired  and 
separation  of  the  steering  RF  link  from  the  vehicle  link  was  considered 
mandatory. 

The  vehicle  steering  control  mechanism  was 
inadequate.  N'ot  only  .lid  the  sweeper  drift,  hut  accurate,  positive  positioning 
could  not  be  attained.  This  was  the  result  of  having  only  an  off-on  dis¬ 
placement-type  novement.  When  the  signal  was  in  the  "on"  position,  steering 
mechanisro  displacement  continueil  until  such  time  as  the  signal  was  discon¬ 
tinued.  There  was  no  visual  contact  with  the  vehicle  itself;  therefore  the 
amount  of  movement  could  not  be  observed.  It  was  very  easy  to  overcontrol 
the  vehicle  because  of  transmission  time-delay.  The  operator  co'’ld  not 
anticipate  the  vehicle  movements  from  his  viewing  screen  rapidly  r.ough  to 
prevent  overcontrol. 

The  most  probable  solution  to  this  problem  is 
the  installation  of  a  proportional-type  steering  system,  where  a  discrete 
movement  of  the  control  at  the  operator's  console  would  result  in  a  corre- 
sponoingly  proportional  movement  of  the  steering  mechanism  on  the  vehicle. 
This  system  would  provide  the  same  type  of  control  as  used  in  rn  nual 
operation. 

The  video  installation  on  the  vehicle  consists 
of  three  Dage  70-AR  cameras,  one  in  a  fixed  location  on  the  front  of  the 
sweeper,  one  in  a  fixed  location  on  the  rear,  and  one  in  a  pan-and-tiU  unit 
in  approximately  the  same  position  that  a  driver  would  occupy.  All  are 
inclosed  in  weather-proof,  temperature-controlled  h.msings.  The  70-AR 
cameras  were  chosen  for  their  fairly  rugged  construction  and  low  cost,  as 
compared  to  extremely  rugged  cameras  of  much  higher  cost.  These  cameras, 
for  the  purpose  of  feasibility  testing,  p’-ovided  adequate  results. 

The  pan-and-tilt  unit  was  specially  constructed 
to  provide  a  full  360°  of  azimuth  movement  and  110°  of  elevation,  from  55° 
below  to  55°  above  horizontal. 

Lenses  in  the  front  and  rear  cameras  are 
interchangeable,  both  the  I -inch  and  i/i-inch  lenses  having  been  used  to 
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ileteri'iine  desirable  fielils  of  view,  and  effei  ts  of  image  size  with  lens  use. 
The  top  camera  (pan  and  tilt)  is  equipped  with  a  '•Vollensak  /.oornar  lens, 
which  can  be  controlled  remotely  by  the  cjperator.  The  fixed  cameras  are 
primarily  designed  for  use  in  work  areas  and  tt;e  top  camera  for  traveling. 

;'he  signal  from  the  cameras  is  fed  into  two 
modified  .\RN-’8  transn.itters,  the  fixed  cameras  into  one  transmitter,  the 
top  camera  into  the  other.  The  fi-ced  cameras  can  be  selected,  either  front 
or  rear,  by  remote  control  by  the  operator.  Ctperating  frequencies  of  the 
transmitteis  are  standard  television  f reqtienci es,  channels  15  and  17,  UHF. 

.At  the  control  position,  the  signal  is  received 
in  .\ems-Ctarke  receivers,  sent  to  a  .Icrrobl  l  ele-Trol  demodulator,  where 
it  is  then  transferred  to  a  Dage  '4-inc‘h  vidc*o  monitor.  The  picture  piresented 
t'j  the  operator  is  that  as  seen  by  the  vehicle. 

During  the  test  runs  a  safety  observer  was  on 
the  vehicle  to  provide  guidance  where  necessary  while  the  remote  operator 
gained  experience  and  training.  .A  voice  link  was  maintained  between  the 
vehicle  and  control  center  for  this  purpose.  The  remote  operator  has  full 
.control  of  the  vehicle,  duplicating  every  function  and  operation  that  the  driver 
can  cont rol . 

The  electronic  system,  as  used  in  this  particular  application,  had  the 

requireuient  for  several  types  of  power  supply.  Althwiigh  these  requirements 
were  not  of  an  extraordinary  type,  they  did  pose  problems  in  the  vehicle 
system.  The  more  critical  limitations  were  found  in  the  transmittin, 
equipment  employed.  It  is  realized  that  a  simp.ifiration  of  the  electrical 
systam  is  desirable  and  possible  at  the  present  time;  however,  at  the 
inception  of  the  remote  study,  the  desired  equipment  was  not  available. 

Rather  than  delay  the  project  for  an  indetermii  h^e  period,  procurement  was 
made  on  the  available  items,  and  proper  power  supplies  provided.  Certain 
problems  were  encount.?red  by  the  'ise  of  these  various  power  sources,  but 
were  adequately  controlled  so  that  the  study  could  be  completed  without  the 
delay  that  would  have.'  been  int.-oduced  by  waiting  for  other  electronic  equipment. 
Since  this  wa»  a  prototype  configuration,  it  is  believed  that  the  detriments  of 
the  less  desirable  equipment  were  Justified  in  the  Interests  of  the  required 
fallout  decontamination  study. 
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rho  pqmi>:!H'iit  on  the  »-<Mnc>tp  operator's  console  used  primarily  110-120- 
volt,  ti  '-c  vvle  penver.  Some  of  the  tone  eqnipmerit  ant*  the  control  panel  relays 
required  ’4-volt.  dire<  t  '.'urrent. 

Common  nlternatinR  current  power  so  ire  es  were  adequate  for  the  prima¬ 
ry  power.  Tills  i  o  dd  be  supplied  by  any  normal  power  output,  either 
eommc'rc'ial  or  bv  portable  penerator. 

The  ■’4-volt,  d.  e.  supply  was  provided  by  a  standard  rectifier  supply, 
mounted  in  the  rear  of  the  con'rol  console.  This  unit  can  be  seen  in  fieure 
’0,  center  section,  atthebottomof  therack.  ThellO-volta.c.  powe r 
sunplied  to  the  console  was  converted  into  the  required  d.  c.  supply.  Thus 
only  one  external  power  source  was  required. 

The  eqiipment  was  of  such  a  type  that  strict  regulation  was  not  necessary. 
Normal  fluctuations  could  be  handled  by  the  regulatory  networks  of  the 
operating  equipuient. 

The  greatest  problem  in  power  supply  was  involved  in  the  vehicle  re¬ 
quirements.  \  number  of  sources  were  needed  for  the  various  equipments 
utilired.  These  sources  inclucied  '  l(1-12n-volts  a.  c.  ,  24-volts  d.  c.  ,  minus 
1  SO-volts  d.  c.  .  plu s  ■'fin-vol ts  <1.  c.  ,  ’, 'infi  volts  d.  c.  The  only  power  source 
available  on  the  vehicle  in  addition  to  the  generator 'battery  system  was  a 
1  Sil-ampere  output,  24-volt  d.  c.  generator  driven  by  the  auxiliary  engine. 

This  supply  proved  barely  a  i«  quate  for  the  demand  imposed  upon  it;  however, 
by  the  greater  use  of  transistorized  electronies  in  any  future  considerations, 
the  power  requirements  could  be  substantially  decreased, 

The  generator,  driven  by  the  auxiliary  engine,  provided  a  very  accurate 
and  stable  sourc  e  of  posver,  being  regulated  quite  adequately  by  a  carbon 
pile  regulator.  I'be  only  fluctuation  of  any  consequence  aroae  when  the 
sweeping  brushes,  blower,  and  vaiuum  systems  were  engaged  At  this 
time,  the  mi  reased  drag  on  the  engine  induced  a  momentary  slowing  of  the 
engine  with  a  resultant  decreiise  of  generator  RPM.  However,  this  fluctu¬ 
ation  was  effei  ted  for  only  a  very  short  time,  and  the  decrease  In  voltage 
amonnteil  t  >  less  than  '  ■  volt.  The  result  of  this  fluctuation  on  the  electronic 
equipment  was  ir wicnifii  .ant. 


I'lic  '1.  I'.  !)i>wi-r.  ;i  ~  jiri.vi.li-il  liy  l(.c  yoiic  ra'iir,  w:is  usrd  di  r!'(  tly  by  the 

reitiote  i  ontnd  relavs  atnl  dovii  <•>-  assiK dated  witti  the  video  transmitting 
svsteni.  'd '  '''e  -ela-^  eovi  1^011'.’  ll’e  oiieratiun  of  the  vetiirle  itself  were 
provideil  power  frorri  Itie  vehit  |e  hat  t  e  ri  i- s .  'Die  veliu  le  had  a  ?.4-volc  !.ystei.i 
installed,  mi'etine  militarv  ^pe<  i fi <  .at ions.  In  adilition,  the  vehicle  batteries: 
proviiletl  the  pows-r  for  the  one  .onverter,  whii  h  supplied  the  a.c.  required 
bv  the  i.adio  tone  equipment  providine  the  link  for  remote  operations. 

'I'wo  a.c.  I'onverters  were  installed  on  the  vehicle,  one  to  provide  power 
for  the  remote  lontrol  link  with  the  operator,  the  other  provided  power  for 
the  vi.leo  t  ran  smi  tt  i  ni;  equipment.  The  one  •,  oii  ve  rter,  as  stated  operated 
from  the  vehic  le  hatterv  supply,  the  other  ileriveil  its  source  from  the  d.  c. 
generator,  operatine  at  all  times  the  generator  was  operating.  The  capa¬ 
bility  of  on-off  contn  I  for  the  battery-operated  converter  existed.  Two 
converters  were  primarily  used  because  of  spai  e  limitations;  one  large 
converter  would  have  suffi<  ed,  but  finding  a  place  for  its  installation  was 
difficult.  I  ater.  this  <lual  installation  proveti  helpful  in  the  solution  of  a 
problem  that  arose.  The  transmitters  required  a  very  "clean"  source  of 
power,  which  required  filtering  the  a.  c.  provided  !o  them  to  assure  a  clear 
transmission.  It  was  much  easier  to  apply  this  filtering  process  to  the 
smaller  converters  than  to  the  cumbersome  large  one. 

The  other  power  packs  providing  the  1,0(10  volts,  300  volts,  and  150 
volts  were  supplied  direi  tly  by  the  ’4  volts  from  the  d.  c.  generator. 

Figure  16  shows  a  block  <liagram  of  the  complete  installhtion  on  both 
the  opera. or's  console  and  the  vehicle. 

C .  F-xperimcntal  prmedure  for  IQODS  tests. 

1.  Production  and  dispersal  of  fallout  simulant. 

Tor  these  six  tests,  an  area  32  feet  by  102  feet  was  contantinateu 
wi'h  a  simulated  fallout  mate  dal  using  I  anthanuiii- 1  40  as  the  radioactive 
tracer.  The  preparation  of  the  synthetic  fallout  is  described  in  detail  in 
an  NltPI  report  entitled  The  Production.  Dispersal,  and  Measurement  of 
‘rvnthetic  Fallout  Material.  Vol  I,  l'SNRf>I,,  by  Sartor  and  l  ane. 

For  these  specific  tests,  the  mixture  of  sand  and  lanthanum  was 
made  in  two  different  batches.  The  mixture  used  for  each  test  is  Indicated 
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in  table  4.  This  table  also  lists  the  concentration  of  contaminant  used  for 
the  tests.  The  amount  to  be  spread  on  the  test  pad  was  determined  by  the 
NRDI.  fallout  model.  According  to  this  model,  10  grams  per  square  foot, 

33  grams  per  square  foot,  and  100  grams  per  square  foot  will  simulate 
railiation  levels  of  300  r  per  hour,  1,  000  r  per  hour,  and  3,  000  r  per  hour 
respectively  at  I  hour  after  burst  from  a  high-yield  (MT)  land-surface  burst. 

"The  dry  synthetic  fallout  material  was  dispersed  over  the  test 
pad  from  a  modifie<l  Burch  Ilydron  .Spreader  mounted  on  the  rear  of  a  2\ii 
cubic  yard  dump  truck.  An  aluminum  hopper  was  installed  jn  the  truck  to 
contain  the  synthetic  fallout  material  and  feed  it  directly  ir  to  the  spreader 

g 

when  the  truck  bed  was  raised." 

2.  Measurement  of  synthetic  fallout. 

To  determine  the  actual  quantity  of  material  dispersed,  12 
sampling  pans  were  placed  aiio  the  test  pad  (a>  the  positions  indicated  in  figure 
171,  before  the  fallout  was  spread.  Immediately  after  the  dispenser  had 
pasted  over  these  pans,  each  was  collected  and  placed  in  a  plastic  bag.  Ail 
12  pan  saniples  were  then  intermixe<l  and  three  10-gran>  samples  of  the 
mixture  taken  to  determine  the  specific  activity  in  the  4n  ion  chamber.  These 
data  appear  in  tables  and  13  of  appendix  .A. 

3.  Data  collection. 

To  determine  the  decontanii.iation  efficiency  of  the  vehicle, 
measurements  were  made  of  the  radiation  ’evel  present  on  the  test  pad  prior 
to  contamination  (background!,  after  contamination  (initial),  and  after 
decontamination  (final).  The  measurei. tents  were  recorded  in  counts  per 
minute  by  use  of  a  shielded  gamma  scintillation  detector  unit.  The  detecting 
unit  of  the  instruruent  consisted  of  a  '  -inch  Nal  scintillation  crystal  on  a 
photomultiplier  tube.  The  detecting  unit  was  inclosed  in  a  lead  pig  with 
approximately  4-inch  thick  walls.  The  p‘  •  had  a  collimated  aperture  whose 
geometry  permitted  a  3-foot-ra<lius  circle  on  the  contaminated  plane  to 
contribute  approximately  ^>5  percent  of  the  instrume;  rasponse.  The  data 
as  recorded  appear  in  appendix  A. 
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TYPK.  AMC'CNT  AM)  .STRKN’CTH  OF  SIMFLATF-D  FAI.I.OFT 


Bulk  Carrier 

Aaount. 

Strength 

Strength 

Total 

Test 

Material 

Inotope 

(uc/g«) 

(curies) 

Raswta  #1 

Same  for 

U-140 

26.6 

20.6 

548 

1.8 

Reaote  if 2 

all  six 

u-uo 

57.0 

9.5 

542 

1.8 

Raaote  03 

tests. 

U-140 

50.6 

6.3 

319 

1.0 

Hanual  01 

See  Insert. 

U-140 

22.6 

3*4 

190 

0.62 

KSISifi 

18:5 

iif 

8:,^ 

'•r  erat  by 
W»l*ht 


295*246 

246*208 

204.177 

177*U7 


50*  60 
60-  70 
70*  80 
80*100 


58.“ 

45.3 

10.5 

3.2 


IV.  RE5I.  LTS. 

A  fummary  of  the  results  of  the  testing  of  the  sweeper  under  remote 
control  operation  and  manual  control  operation  appears  in  table  5.  All  six 
tests  were  conducted  on  the  same  asphalt  test  pad  (see  figure  17|. 

The  decontamination  efficiency  of  the  vehicle  is  defined  as  the  percentage 
of  the  contaminant  that  the  vehicle  picked  up  and  retained.  Mathematically, 
this  percentrge  v.->lue  is  represented  by  the  following: 

%  efficiency  =  — j -  x  100 

C 

Ij,  =  corrected  initial  reading  (after  contamination) 

>  corrected  final  reading  (after  decontamination) 

The  lime  used  to  decontaminate  the  test  pad  was  recorded  as  both  the 
total  time  for  the  entire  operation  and  the  actual  decontamination  time.  The 
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total  time  incl'ided  the  time  used  to  turn  ttie  vehii  le  around  and  reorient  It 
with  the  test  pad.  The  test  pad  was  located  in  the  renter  of  a  large  paved 

area. 

The  number  of  passes  made  over  the  test  pad  were  counted  by  an  observer 
in  the  test  area.  They  represent  the  actual  number  of  times  that  the  sweeper 
passed  over  the  test  pad  with  the  sweeping  mechanism  of  the  vehicle  in  oper¬ 
ation.  These  patterns  are  shown  in  figures  lb,  11,  ?.3,  and  ’S.  A  photograph 
of  the  test  area,  the  vehirie,  and  the  contaminant  appears  in  figure  28. 

A.  Discussion  of  tests. 

1.  Remote  Test  #l . 

One  hour  prior  to  test  time,  the  I,  000-volt  power  supply  burned 
out  two  transistors,  and  as  a  result,  the  pan-and-tilt  camera  was  inoperative. 
The  test  was  conducted  anyway  and  the  results  are  based  on  operating  the 
sweeper  with  only  the  front-mounted  stationary  camera  in  use.  The  stationary 
rear  camera  was  not  used  for  any  of  the  tests.  The  front  camera  was  tilted 

Tujle  5 

SUMMARV  OF  RCSL’LTS  OF  DECONTAMINATION  TESTS  ON  lOODS  SWEEPER 


Test 

Miadier 

Date  and 

Time  of  Tost 

Deoontamlnatloa 
IfflelenoF  {%) 

Time  Used  to  •#* 
Deeoataalaate 
(mlnuUs) 

Itaber  of  Sweepii^ 

Passos  Made  on  Fad 

ResMte  11 

14  Juna  0933 

99.3 

•37 

□BH 

9 

Rswte  #2 

16  June  1000 

99.3 

11 

Rswte  #3 

17  June  0823 

99.9 

9 

Manual  #1 

a  June  0823 

99.3 

7 

Manual  |2 

22  June  0830 

99.8 

7 

Manual  #3 

22  June  1120 

99.8 

7 

*  Tiaa  uaed  in  entire  operation 
**Tlae  used  la  aotually  sweeping  the  pad 

***Vehlcle  operated  at  4  miles  i;cr  hour  for  remote  teste  and  9*5  mllas  per  hour  for 
manual  tests. 
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downward  at  such  an  angle  that  the  ground  from  directly  in  front  of  the  vehicle 
out  to  ?'l  feet  in  front  of  the  vehicle  <  oulrl  not  be  seen.  Without  the  use  ot  this 
pan-and-tilt  camera,  this  limited  line  of  sight  greatly  hampered  the  control 
operator. 

Some  difiiculty  was  experienced  with  one  of  the  two  TV  monitors  at  the 
control  console.  At  tisnes,  the  picture  seemed  to  vibrate  up  and  down. 

This:  did  not  appear  to  be  clue  to  the  vibration  of  the  camera  on  the  vehicle. 

This  was  apparent  at  all  times;  however,  the  picture  ranged  from  fair  to 
very  poor. 

•As  can  be  seen  in  figure  I**,  the  vehicle  sometimes  drifted  from  left  to 
right  and  sometimes  from  right  to  left.  This  was  due  to  the  sensitivity  of  the 
remote  control  steering  mechanism  and  some  inherent  faults  of  the  vehicle, 
fo  try  to  correct  this  drifting  while  decontaminating  was  nee  dy  impossible. 
The  drifting  was  not  noticeable  for  a  short  time  because  of  the  limited  line 
of  sight  of  the  front  camera.  By  the  time  it  was  noticed  by  the  control  oper¬ 
ator,  it  was  too  late  to  make  a  steering  correction  before  that  particular  pass 
over  the  pad  was  completed. 

In  some  cases  the  vehicle  drift  became  apparent  in  time  to  permit  a 
change  in  direction.  However,  the  correction  was  usually  ir.iffective  because 
of  the  sensitivity  of  the  steering  mechanism.  An  attempt  by  the  operator 
to  compensate  for  the  eiro”  would  result  in  a  new  drift  in  the  opposite 
direction.  A  decrease  in  the  steering  sensitivity  would  have  permitted  a 
more  accurate  directional  control  and  a  more  stable  course  line. 

Maintaining  a  constant  vehicle  speed  or  engine  rpm  was  quite  a  problem. 
There  was  no  indicator  at  the  control  console  snowing  the  throttle  setting, 
engine  rpm,  or  vehicle  speed.  If  the  engine  rpm  had  been  set  for  a  reasonable 
decontamination  speed,  it  would  have  been  too  fast  for  turning  the  vehicle 
around  at  the  end  of  each  sweepir.;*  pass.  If  the  rpm  had  been  set  for  a  safe 
turning  speed,  it  would  have  been  to.j  slow  for  desirable  operational  decon¬ 
tamination.  There  was  no  way  of  changing  from  one  rpm  to  another  and 
knowing  exactly  what  the  new  rpm  was:  therefore  the  remote  operator  had 
to  use  his  own  judgment  during  the  operation.  He  swept  as  fast  as  he  thought 
safe  and  then  slowed  down  to  turn  the  vehicle  around;  again  advancing  the 
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throttle  when  the  vehicle  was  aliiieil  with  the  pail  fur  ani>ther  pa.ss.  There  is 
no  way  of  knowing  the  exact  speed  used  fur  these  tests  leit  it  was  approximate 
1,  700  rpm.  In  first  gear,  1,  Ton  rpin  is  approxitnately  4  mph. 

The  auxiliary  engine  which  operates  the  sweeping  brushes  on  the  vehicle 
had  a  tendency  to  overheat  quite  badly.  .\s  a  result,  it  was  necessary  to 
disengage  the  brushes  at  the  end  of  each  sweeping  pass  over  the  test  pad. 
Every  tinrie  the  brvishes  were  disengaged,  a  small  but  noticeable  amount  of 
contaminant  was  deposited  on  the  ground.  It  wts  not  possible  at  the  time  of 
the  test  to  deterTnine  if  this  was  contaminant  falling  from  the  hopper,  tr  :iling 
from  the  edge  of  the  brushes,  or  being  pushed  in  front  of  the  brushes.  This 
contaminant,  deposited  near  the  area  of  the  'est  pad.  could  have  given  a  false 
indication  of  the  count  rate  had  it  been  closer  to  the  test  pad  than  it  was. 

Figure  18  presents  a  pictorial  analysis  of  the  data  from  Remote  Test 
.  The  corrected  counts  per  jninute  appear  at  each  of  the  IS  stations  where 
they  were  recorded.  Also,  an  indication  of  the  effect  of  the  wind  is  shown. 

A  clear  indication  of  the  wind  effect  is  seen  when  one  notices  that  the  highest 
final  counts  were  recorded  at  Stations  1',  1?.,  13,  and  14.  This  was  due  to 
the  contaminant  that  was  blown  from  upwind  and  stayed  on  the  downwind 
stations,  as  well  as  to  that  which  was  blown  off  the  test  pad  and  collected 
on  the  east  side  of  the  pad  .After  the  pad  was  decontaminated,  the  only 
contaminant  remaining  in  the  test  area  was  that  which  was  blown  to  the  east 
(downwind)  and  deposited  near  the  test  pad.  This  contaminant  contributed 
to  the  high  count  rate  recorded  on  the  east  edge  of  the  pad  (Stations  11 
through  1  4). 

The  contaminant  dropped  by  the  sweeper  on  the  north  and  south  edges  ov 
the  test  pad  when  the  brushes  were  disengaged  had  little  or  no  effect  because 
of  the  distance  from  the  test  pad.  This  contaminant  was  no  closer  than  15 
feet  to  the  pa<l.  The  detecting  unit  of  the  gamma  detector  had  a  collimated 
aperture  whose  geometry  permitted  only  a  3 -foot- radius  circle  on  the  pad 
to  be  counted. 

It  was  not  realized  at  the  time  of  the  test  that  the  windblown  contaminant 
would  affect  the  test  data.  It  can  be  seen  now,  however,  that  it  did  have  a 
slight  effect.  This  can  bo  seen  from  figure  18.  The  count  rates  at  stations 
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M  thro’ioh  M  «re  hipher  than  thf»  co'int  rates  at  the  other  stations.  Stations  11 
throMRh  14  are  downwiml.  The  detector  was  probably  recording  the  count  /ate 
from  the  contaminant  that  wac  blown  from  upwind  end  deposited  on  these 
<iownwind  stations.  Also,  the  detector  could  have  been  recording  some  of 
the  scattere<l  radiation  emanating  from  the  contaminant  deposited  by  the  wind 
on  the  adjoining  downwind  area.  The  slight  change  did  not  alter  the  pickup 
efficiency  at  all.  If  the  data  from  stations  1  through  15  are  used,  the  efficiency 
becomes  S  percent,  and  i'  only  the  data  from  stations  1  through  10  are 
used,  the  efficiency  is  still  **''.5  percent. 

Figure  I**  is  a  layout  of  the  pattern  which  the  vehicle  traced  -vhile 
decontaminating  the  test  pad.  This  layout  was  drawn  by  an  eyewitness  in 
the  test  area.  It  is  only  a  representation  of  how  the  vehicle  appeared  to 
move  across  the  test  pad.  The  purpose  of  this  layout  was  to  make  available 
to  the  operator  a  stvidy  guide  to  help  him  reduce  his  driving  time  as  well  as 
increase  his  cleaning  efficiency  in  future  tests.  It  also  presents  a  means  for 
understanding  why  the  final  cotint  rate  varied  from  station  to  station.  This 
is  demonstrated  by  comparing  the  locations  of  the  stations  where  readings 
were  recorded  with  the  pattern,  indicating  how  many  times  that  station  was 
swept.  There  was  no  other  moans  available  except  visual  recording  for 
establishing  the  paths  the  vehicle  followed. 

Remote  Test  #2. 

At  the  conclusion  of  Remote  Test  |!/ 1  at  '.515  hours  (mean  time) 
on  14  June,  the  <  ount  rate  on  the  test  pad,  corrected  for  background,  was 
565.  4  cpm.  (Before  background  correction  it  was  5‘>8.  6  cpm.  Since  there 
was  nothing  in  the  area  to  change  the  background,  it  can  be  seen  that  the 
565.  4  cpm  were  from  the  contaminant  that  was  left  on  the  ground  after 
decontamination.  This  contaminant  was  composed  of  I.a-140  and  decayed 
with  a  half-life  of  40.  2  hours. 

From  1515  hours  on  14  June  until  0S4S  ho'irs  on  15  June,  when  background 
was  again  taken,  the  I.a-140  would  have  decayed  for  17.  5  hours.  If  the  565.  4 
cpm  recorded  on  14  Juno  were  from  l.a-MO,  it  would  have  read  418.4  cpm 
at  0845  hours  on  15  June  when  the  background  was  taken.  The  corrected 
background  on  15  June  was  ’'’6  cpm  rather  than  418.  4  cpm  as  it  should  have 
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been.  The  explanation  fot  this  is  that  the  wind  blew  some  of  the  contaminant 
onto  the  downwind  stations  and  some  of  it  off  the  pad  overnight.  This  is  evi¬ 
dent  from  the  data  as  the  count  rate  on  the  downwind  side  of  the  pad  was  about 
twice  that  on  the  upwind,  indicating  that  the  wind  had  blown  the  contaminant. 

The  count  rates  on  the  dov/nwind  stations  after  Remote  Test  ’^1  were  highe 
than  on  the  upwind  stations,  so  it  is  logical  that  the  downwind  stations  would 
read  higher  the  next  day.  The  difference  in  count  rate  is  accounted  for  by  the 
contaminant  blown  downwind. 

The  pad  was  contaminated  on  15  June  for  what  was  to  have  been  Remote 
Test  §Z;  however,  the  test  was  cancelled  because  of  mechanical  difficulties 
and  the  wind.  After  this  test  was  cancelled,  the  pad  was  deconta  ninated  with 
the  sweeper  and  the  downw.nd  areas  swept  with  a  broom.  The  pad  was  f'/fi- 
ciently  cleaned  so  that  any  remaining  contaminant  should  have  been  insignifi¬ 
cant  the  next  morning.  The  downwind  area  was  also  cleaned  so  that  any 
contaminant  remaining  on  it  should  have  been  too  small  and  too  far  away  to 
affect  the  count  rate  on  the  pad. 

When  background  data  were  collected  prior  to  the  rescheduled  Remote 
Test  §Z  on  16  June,  the  count  rate  averaged  296  cpm.  This  high  count  rate 
could  not  have  been  all  from  true  background.  There  is  no  reason  to  believe 
that  the  true  background  increased  from  approximately  33  cpm  on  14  June  t  > 
296  cpm  on  16  June.  The  only  cause  for  this  large  increase  was  residual  con¬ 
taminant  cither  on  the  pad  or  on  the  downwind  area  or  both.  If  it  is  assumed 
that  the  true  background  remained  constant  from  14  Juno  to  16  June  and  that 
the  increase  was  due  to  La- 140  in  the  test  area,  then  the  background  due  to 
the  1  a- 140  was  265  cpm.  If  it  decayed  from  102S,hours  (background  mean 
time)  to  1400  hours  ( final  mean  time)  it  woulu  have  been  249  cpm  at  the  end 
of  the  test.  If  the  true  background  is  then  added  to  this,  the  average  corrected 
background  at  the  end  of  Remote  Test  §Z  wn«ld  be  282  cpm.  The  average 
final  count  rate  after  decontamination  was  51  cpm. 

As  csn  be  seen  from  figure  20,  the  final  count  rate  was  less  than  back¬ 
ground  at  several  stations.  These  stations  were  located  upwind.  There  was 
a  15-20  mph  wind  during  the  test  and  this  blew  some  of  the  contaminant  from 
the  upwind  stations  to  the  downwind  stations.  In  this  case,  one  would  expect 
the  downwind  stations  to  indicate  the  largest  readings.  This  was  the  case  as 
can  be  seen  by  the  data  at  stations  11  through  IS,  the  downwind  stations.  Of 
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course,  all  the  contaminant  from  upwind  did  no:  stay  on  the  pad.  Some  of  it 
blew  onto  the  downwind  area  cast  of  the  pad.  There  is  no  way  of  knowing  how 
much  of  it  blew  off  and  how  much  stayed  on  the  pad. 

.After  the  pad  had  been  remotely  decontami nated  with  the  sweeper,  it  was 
decided  that  the  surrounding  area  shculu  be  decontaminated  aS  well  as  the  pad 
since  the  wind  had  scattered  some  contaminant.  .Some  of  the  contaminant 
which  had  been  measured  as  background  both  on  the  pad  and  surrounding  area 
was  removed  in  cleaning  the  area  after  the  test. 

Since  the  surrounding  area  was  decontaminated  with  the  sweeper,  it  was 
concluded  that  part  of  the  contaminant  that  was  on  the  downwind  area  adjoin¬ 
ing  the  pad  was  removed  before  the  final  readings  were  recorded.  This  con¬ 
taminant  was  present  when  background  was  taken  but  was  gone  when  'he  final 
readings  were  taken.  T  his  explains  in  part  why  the  average  final  count  rate 
was  less  than  background. 

Figure  21  indicates  that  the  entire  test  pad  was  decontaminated— most 
areas  at  least  twice  —so  it  can  be  assumed  that  the  decontamination  efficiency 
of  this  test  would  he  limited  only  by  the  limits  of  the  vehicle  itself.  The 
vehicle  had  demonstrated  a  decontamination  efficiency  of  gr»>ater  than  99  per¬ 
cent,  therefore  the  results  of  Remote  Test  ||f2  are  comparable  with  Remote 
Test  ilfl  in  regard  to  efficiency.  If  the  data  from  the  stations  which  read 
greater  than  background  are  used,  the  decontamina.ion  efficiency  for  Remote 
Test  III  becomes  99,  (t  percent.  It  took  less  than  one-half  the  time  to  decon¬ 
taminate  the  pad  in  Test  Ifl —  IS  minutes  contpared  to  37  minutes  for  Test  f  1. 
During  this  test  a  better  system  was  developed  for  passing  over  the  area  and 
turning  around  after  each  pass.  It  should  be  pointed  out  that  the  console  oper¬ 
ator  became  more  proficient  with  practice. 

Figure  21  was  sketched  by  in  eyewitness  stationed  in  the  test  area.  Its 
system  of  coding  is  identical  to  that  of  figure  I**. 

U  will  be  noted  from  table  4  that  the  strength  ( microcuries/graml  of  con¬ 
taminant  for  this  test  was  less  than  one-half  that  (cr  Remote  Vest  §1.  This 
was  due  to  the  fact  that  the  same  batch  of  contaminant  was  used  for  the  second 
test  as  for  the  first.  Because  of  the  length  of  time  between  teste  end  the  short 
half- life  of  lanthanum  (40.  2  hours),  the  strength  was  considerably  reduced  at 
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the  time  of  the  -.ii  oti'i  test.  lU-cause  of  this,  the  amo'itit  of  contaminant 
spread  was  i>ri  ati'r  for  tliis  lest.  It  was  necessary  to  iiave  a  strong  source 
for  good  counting  statistics  md  this  required  ahont  twice  as  much  faiiout  per 
square  foot  for  Test  ift  as  for  I  esi  ^1  in  order  to  have  tfie  strength  (micro¬ 
curies  per  square  footl  approximately  the  same.  The  total  strength  in  curies 
was  also  th--  same  for  hoth  tests. 

The  only  mechanical  difficulty  noted  during  this  test  was  a  vehicle  hydrau¬ 
lic  leak.  The  leak  had  been  evident  for  some  time  b  it  had  not  been  isolated. 

It  was  not  major  enough  to  postpone  testing  for  repair.  The  auxiliary  engine 
continued  to  heat  up  in  a  short  period  of  time.  It  was  necessary  once  again 
to  disengage  the  brushes  after  each  pass  to  reduce  the  load  on  the  engine  and 
allow  it  to  cool.  As  in  the  first  test,  with  each  brush  disengagement,  some 
contaminant  was  spilled.  In  this  test,  however,  this  contaminant  was  swept 
up  from  the  surrounding  area  before  the  final  readings  were  recorded,  thus 
eliminating  any  possible  effect  on  the  count  rate. 

As  in  Remote  Test  #1,  this  test  was  conducted  with  only  one  camera  in 
operation.  The  1 ,  DOO-volt  power  supply  burned  out  transistors,  causing  the 
pan-and-tilt  camera  to  he  inoperative. 

Some  mechanical  difficulties  were  noted  on  the  day  of  the  "cancelled" 
Remote  Test  Hi.  Just  before  the  test  was  started,  the  picture  on  the  monitor 
'crecn  went  blank.  It  was  obvious  from  the  lines  on  the  monitor  screen  that 
the  camera  was  still  transmitting,  but  there  was  not  a  visible  picture.  It  was 
determined  that  the  lens  on  the  camera  had  vibrated  off.  This  had  happened 
previouely.  The  design  of  the  lens  system  was  very  poor.  The  lens  actually 
supports  a  cantilevered  motor  which  remotely  changes  the  Irla.  Thia  weight, 
combined  with  the  vibration  of  the  vehicle,  caused  the  three  small  set  screws 
which  support  all  this  weight  to  grind  their  way  through  the  lens  clamp,  thus 
releasing  the  means  of  support  for  the  lens. 

3.  Remote  Test  #3. 

Once  again,  becaust  of  the  short  half-life  of  the  contaminant.  It 
wae  necessary  to  put  down  twice  as  much  contaminant  at  vyas  spread  for 
Remote  Test  /||I.  The  pad  wae  covered  with  a  deneity  of  SO. 6  grama  or  319 
microcurlee  per  square  foot.  A  total  of  1 . 0  curie  was  placed  on  the  pad.  A 
comparieon  of  iheae  values  with  those  for  the  other  tests  appears  In  table  4. 
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Rf'forp  the  test  [.ail  was  contaiiiinated,  the  average  corrected  background 
was  approximately  IT’S  cpm.  Again,  it  is  seen  that  this  is  composed  partly 
of  true  background  and  partly  of  residual  lanthanum.  If  it  is  assumed  that  the 
true  background  remained  constant  from  14  June  and  that  the  residual  contam¬ 
inant  was  from  the  preceding  test,  then  the  background  is  changing  as  the  test 
progresses. 

The  total  count  rate  at  the  end  of  Remote  Test  jfZ  was  250  cpm.  If  the 
average  true  background  of  33  cpm  is  subtracted,  the  remaining  226  cpm  are 
a  result  of  the  residual  contaminant.  If  this  residue  is  decayed  for  18.8  hours 
(from  1400  hours  on  16  June  to  08S0  hours  on  17  June),  it  becomes  164  cpm. 
When  the  true  background  is  added  to  this,  the  corrected  background  from  the 
preceding  day  will  he  197  cpm.  The  actual  corrected  background  recorded 
prior  to  the  test  was  178  cp  n.  If  these  two  readings  are  corrected  for  tl  • 
difference  in  radium  standards,  they  wdll  agree. 

As  can  be  seen  from  figure  22,  the  final  count  r'ttes  at  all  of  the  stations 
except  one  is  less  th.in  background.  This  can  only  be  accounted  (or  by  atsum* 
ing  that  the  sweeper  picked  up  some  of  the  residual  contaminant  from  the  pre¬ 
ceding  test. 

If  only  the  one  value  that  is  greater  than  background  is  used  for  the  cal¬ 
culation,  the  efficiency  of  the  sweeper  for  Remote  Test  |D3  becomes  99.9  pe.  • 
cent. 

Figure  23  Indtcatei  that  the  entire  pad  was  decontaminated— some  areas 
twice.  On  the  seventh  pass,  about  a  6-foot  strip  off  the  pad  and  on  the  down¬ 
wind  adjoining  area  was  decontaminated.  This  helped  reduce  the  possible 
effect  of  the  contaminant  on  the  results. 

This  test  lasted  14  minutes,  which  was  an  Improvement  over  the  two 
previous  tests.  Only  nine  passes  were  required  to  complete  the  decontamina¬ 
tion  of  the  pad.  This  was  also  an  improvement  over  the  two  previous  tests. 

Part  of  the  time  consumed  in  a  test  is  used  for  turning  the  vehicle  around 
and  alining  it  with  the  pad.  A  time  check  was  made  to  determine  the  actual 
time  that  the  sweeper  was  on  the  pad.  This  was  approximately  4.3  minutes. 

This  test  was  conducted  with  only  one  camera  In  use.  The  picture  on  the 
monitor  was  very  good. 
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It  was  noted  in  this  test,  as  in  tt.e  others,  that  every  time  the  vehicle 
passed  hv  a  power  transformer,  located  between  the  reinote  control  center 
and  the  test  area,  the  picture  on  the  monitor  became  very  poor.  In  fact,  the 
monitor  screen  was  covered  w'th  "snow.''  After  the  vehicle  passed  the  trans¬ 
former,  there  was  no  longer  an  effect  on  the  video  reception. 

It  appeared  that  some  difficulties  developed  in  the  transmission.  It  is 
hard  to  say  whether  this  was  trouble  with  the  push  button  control  panel  on  the 
vehicle  or  with  the  t ranstnission  ttself.  More  and  more  often  the  transmission 
failed  to  respond  to  the  operator's  selection  of  gears.  If  the  engine  was  cut 
off  and  then  restarted,  the  transmission  v'orked  again. 

The  same  difficulties  with  the  hydraulic  system  were  evident  in  this  test 
as  in  the  other  tests.  Still,  this  had  no  effect  on  the  results, 

4 .  M anual  Test  ^  1 . 

For  this  test,  the  pad  was  contaminated  with  a  density  of  22.6 
grams  per  square  foot.  At  a  contaminant  strength  of  B.4  microcuries  per 
gram,  the  resultant  strength  of  the  contaminant  was  190  microcuries  per 
square  foot. 

Oata  analysis  for  this  test  was  not  complicated  by  any  unusual  phenomena. 
All  the  lanthanum  from  previous  tests  had  decayed  and  the  background  was 
back  to  what  could  be  considered  normal. 

Tne  correcti  d  data  appear  in  figure  24.  in  all  cases  the  final  count  rate 
was  higher  than  the  background. 

The  efficiency  of  the  sweeper  for  Manual  Test  Ifl  was  99.  S  percent.  The 
total  operating  time  was  2.  3  minutes.  The  /ehicle  was  actually  sweeping  the 
pad  for  only  1  minute  of  this  time.  The  remaining  time  was  used  for  turning 
the  vehicle  around  at  the  end  of  the  pad. 

The  vehicle  was  operated  in  second  gear  at  2,000  rpm.  This  was  approxi- 
mctely  9.  S  mph.  Five  sweeping  passes  were  normally  sufficient  to  decontam¬ 
inate  the  pad;  however,  seven  were  used  in  all  three  tests.  The  last  two 
passes  were  used  to  clean  up  snail  areas  of  contaminant  that  had  been  missed. 

Figure  2“)  is  a  layout  of  the  approximate  pattern  the  vehicle  traced  while 
decontaminating  the  pt.d.  Ibis  pattern  was  aho  it  the  same  for  all  three 
manual  tests. 
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5.  Manual  Test 

The  pad  for  this  tes*  was  c'/ntan'.innteci  to  a  higlier  concentration 
than  (or  the  previous  test.  Approximately  40.6  grams  per  square  foot  of  mi.\- 
ture  containing  6.  1  micrccuries  p*  r  gram  were  used.  Thi-,  totaled  248  rrilcro- 
curies  per  square  foot  or  0.  81  curies  over  the  ertite  pad.  The  same  batch 
of  contamit.unt  that  was  used  for  the  previous  test  wa»  used  for  this  test. 

.As  can  be  seen  by  comparing  the  background  data  of  figures  24  and  26, 
the  background  increased  sharply  from  21  June  to  22  June.  .About  half  of  this 
background  is  a  result  of  the  residual  contaminant.  If  it  is  assumed  that  the 
true  background  remained  cons'ant  from  21  to  22  June,  then  the  background 
due  to  the  residual  I  a- 140  was  constantly  decaying  during  the  test.  This  was 
assumed  in  the  analysis  of  the  data. 

This  was  the  only  test  in  which  the  wind  was  from  the  Kast  rather  than 
from  the  West.  The  wind  was  only  0-5  mph  so  it  actually  had  no  effect  on  the 
data. 

Only  at  two  stations  did  the  final  count  rate  appear  less  than  the  back¬ 
ground.  The  efficiency  for  this  test,  o'*.  8  percent,  was  determined  by  using 
the  data  from  all  15  stations  where  data  were  recorded. 

The  total  operating  time  for  this  test  was  2.  5  minutes.  The  actual  decon- 
tami.'iation  time  wes  only  52  seconds.  .Again,  seven  sweeping  passes  were 
made.  The  same  speed  was  used  for  this  test  as  (or  Manual  Test  Ifl. 

6.  Manu.il  Test  S3. 

The  pad  was  contaminated  with  an  aggregate  density  of  38.4  grams 
per  square  foot.  .At  a  contaminant  strength  of  5.9  microcuries  per  gram,  the 
resultant  strength  of  the  contaminant  was  221’  microcuries  per  squar?  foot. 

The  correcti'd  data  for  this  tost  appear  in  figure  27.  In  all  cases  except 
one,  the  final  count  rate  was  greater  than  background. 

The  efficiency  for  this  test  was  8  percent.  The  total  operating  time 
and  sweeping  time  were  the  same  as  in  'l  est  jfZ,  as  were  the  nu.nber  of  sweep¬ 
ing  passes  and  vehicle  op«Tating  speed. 
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Based  on  data  obtained  with  the  ARDC-Tennant  Model  lOODS  vacuum 
■  weeper  at  C iimp  Parks,  California,  In  June  1960,  it  is  concluded  that  effi> 
ciency  of  decontamination  by  remote  methods  is  equal  to  manual  methods. 

These  tests  were  conducted  on  a  3,  000*square-foot  asphalt  area  using  a 
dry  fallout  simulant,  '’he  conclusions  are  based  on  six  tests— three  manually 
operated  and  three  remotely  operated.  The  average  efficiency  of  the  sweeper 
for  both  the  manual  and  remote  tests  was  99.7  percent. 

Actual  decontamination  time  was  about  two  times  greater  for  remote  oper* 
ation  than  for  man  inl  operation.  This  ratio  can  be  reduced  by  refinements 
in  the  operation  of  the  sweeper  and  by  increased  proficiency  of  the  remote 
operator. 

VI.  RECOMMENDATIONS. 

1.  The  prototype  vehicle  should  be  consigned  to  the  appropriate  agency 
for  further  feasibility  testing  and  modification  if  the  I’SAF  has  a  requirement 
for  such  a  vehicle. 

2.  The  vehicle  should  be  •nvestigated  for  use  at  USAF  installations  aa  a 
standard  sweeper  to  replace  or  supplement  present  sweepers.  For  routine 
non- emergency  sweeping,  the  sweeper  could  be  used  lor  jet  aircraft  ramps, 
runways,  taxiways.  nnngars,  and  similar  high-cleanliness  areas.  Because  of 
the  trerr.'  -idous  velocity  and  volume  of  air  handled  by  jet  turbines,  sand,  dirt, 
and  similar  foreign  objects  can  cause  serious  damage  involving  costly  repairs. 
The  sweeper,  while  in  ".rdistely  ready  for  emergency  decontamination,  can 

be  used  d-nly  at  I'SAl  ii.staliations.  T ne  "plus  99  percwnt"  sweeping  efficiency 
of  the  vf<  .  le  appears  to  be  a  sensible  and  economical  preventive  maintenance 
techni'iue. 

3.  The  vehicle,  if  considered  for  Immediate  procurement  only  as  a 
runway-type  sweeper,  should  be  designed  so  that  it  can  be  modified  for  use 
as  a  decontamination  sweeper  at  a  later  date  at  the  least  possible  cost  in 
time  and  money. 
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APF’KNDIX  A 
RAW  DATA 

In  thif  appendix  appear  the  raw  data  collected  at  the  Camp  Parka  teat 
•Ite.  Tablea  6,  7,  and  8  are  the  raw  data  collected  during  the  three  remote 
control  teata.  Tablea  9,  10,  and  11  are  the  raw  data  collected  during  the 
three  manual  teata. 

Theae  data  are  recorded  in  counta  per  minute  (cpm)  and  were  meaaured 
with  a  mobile  ahielded  gamma  detector  unit  utilising  a  Nal  acintillation 
cryatal. 

The  "atation*'  column  refera  to  the  locationa  on  the  teat  pad  where  theae 
readinga  were  recorded  (aee  figure  17).  Each  column  of  data  includea  the 
time  that  the  counting  waa  atarted  a  id  the  time  that  it  ended.  The  mean  time 
for  each  aeries  of  measurementa  ia  recorded  at  the  bottom  of  each  table. 

Tables  12  and  13  contain  the  raw  data  of  weights  and  activillea  of  the  con> 
taminant  aa  determined  by  acalea  and  a  4n  ion  chamber  reapectively.  The 
"Sample  Pan  Number"  refera  to  the  location  of  the  aample  pan  on  the  test  pad, 
(See  figure  17. ) 

Doae  rate  data  were  recorded  at  nine  poaltions  on  the  vehicle  with  a 
PDR-27A  radlac  instrument.  These  data  were  recorded  for  foar  of  the  six 
tests  and  appear  in  table  14.  Correction  factors  hav^  not  been  applied  to  these 
data.  They  present  the  relative  doss  rate  at  selected  poaltions  on  the  vehicle 
under  various  circumstances. 
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92 

81 

26463 

26776 

102 

112 

Ra  Std 

9749 

9712 

10864 

U099 

10077 

10521 

TIm  End  09i0  H00  1205 

HMfl-IlMt 
Baokgrouad  >  0900 
InltlAl  -  1030 

Fln*l_r _ 1145. 

♦See  Figii re  1  7 
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lahlo  1  1 

MOMii.K  siiii-;:.i>i;i)  di;  r:;c  ion  ni.ADiAfis 

TAKKN  JV'N’I-:  1%0,  MAN'.’AK  I  hST  #3 


TIjm  SUrt 

1120 

1345 

1U5 

lU  Std 

10550 

10515 

9896 

9955 

9866 

9713 

SUtlon* 

Baeksround 

Ussl 

1 

76 

58 

7425 

7282 

96 

88 

2 

82 

96 

16032 

16256 

178 

169 

3 

105 

112 

11296 

11362 

157 

147 

4 

98 

97 

18631 

18480 

151 

146 

5 

134 

132 

17187 

17231 

158 

199 

6 

156 

153 

18335 

18759 

145 

147 

7 

129 

149 

20740 

19964 

150 

129 

8 

143 

140 

23087 

23038 

lU 

103 

9 

125 

127 

22904 

22770 

122 

105 

10 

U5 

108 

22855 

22280 

98 

104 

11 

74 

67 

U665 

12049 

90 

67 

12 

66 

72 

a799 

a '92 

102 

99 

13 

85 

96 

26190 

25852 

121 

116 

14 

109 

la 

22356 

22390 

128 

138 

15 

102 

112 

a7i8 

25308 

167 

U7 

te  Std 

riM  £nd 

M— n  Tl— 
Backfround  -  1145 
iBitUl  -  ia5 

riiMl  •  1510 

Sop  Figure  17 

10077 

1205 

10321 

9866  9713 

1435 

8750 

1530 

8678 

l  ai.li-  li 

SAMI’l  I.  I’AN'  Wl.UilllS 


Saaple  Pun 

Reaote 

Remote 

Remote 

Manual 

Manual 

Manual 

Nu«b«r* 

Taat  1 

Test  2 

Teat  3 

Test  1 

Test  2 

Test  3 

Nat 

Weight 

in  Grams  per 

1.22  Square 

Feet 

1 

<i0.7 

117.5 

40.0 

24.3 

33.8 

87.8 

2 

22.9 

a. 5 

60.0 

27.4 

34.4 

36.4 

3 

26.2 

59.4 

~ 

52.5 

57.1 

45.1 

4 

33.6 

43.1 

79.0 

42.1 

72.4 

48.5 

5 

23. d 

46.d 

70.9 

32.0 

52.2 

45. 

6 

49.2 

86.7 

56.2 

13.0 

41.9 

36.5 

7 

36.2 

77.3 

66.5 

15.5 

34.1 

U.9 

a 

37.1 

51.7 

65.6 

31.5 

56.0 

43.3 

9 

20.9 

76.0 

87.3 

21.4 

67.4 

52.4 

10 

22.3 

79.3 

S0.6 

23.3 

46.3 

30.0 

11 

23.3 

76.2 

33.1 

23.7 

56.7 

48.8 

12 

33.9 

79.4 

58.5 

24.7 

42.6 

<,3.5 

Wind  (aph) 

0-5 

15-20 

5-10 

5-10 

(m5  east 

5-10 

■■'Sc’e  Kigure  17 


70 


SPKCIFIC  ACTiVITIKS  FROM  SANU  1.1.  I’.ANS 
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RECORDED  WITH  PDR-27A 


•1  •  C«Bt«r  of  drio«r*o  ooot 

2  -  Loft  front  oldo  of  ooklolo  o*  lowroroA  doom  j 

3  -  Loft  roar  oldo  of  voidolo  ^bovo  «kool  voll  >  j 
A  -  Uft  roar  of  oohlolo  oa  hoppwr 

5  -  Rlfht  roar  of  Tohicdo  oa  hcwpwr 

6  -  Ri«ht  roar  aido  of  rohlolo  ahovo  vtMol  wall 

7  -  Rlcht  front  oido  of  rohlolo  oa  lovromd  doom 

8  •  front  of  oohiolo  botwooa  hoadlldMo 

9  -  laoido  teppor 
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APPENDIX  B 
ANALYSIS  OF  DATA 

In  this  appendix  appear  the  data  collected  during  the  sLc  tests.  These 
data  have  been  corrected  for  calibration,  background  and  decay  where 
appropriate. 

Two  count  rate  readings  were  recorded  at  each  station.  These  have  been 
averaged  and  correction  applied  to  the  averages.  They  appear  as  one  read¬ 
ing  in  the  tables  cT  this  appendix. 

For  decay  corrections,  the  mean  times  were  used  and  all  readings  were 
decayed  to  the  mean  time  of  the  "initial"  readings,  i^ecay  corrections  were 
applied  only  where  it  was  considered  that  sufficient  time  had  elapsed  for  the 
lanthanum  to  change  significantly. 


73 


T 


'I'nMe  X 

cohri;ctk;o  .siiiki.!)f:i)  dktkctom  hi:a')Ing.s  kor  asi’halt 

ARK.A  Tl  STS  W'1  11  TKKNANT  MGDKI*  lOODS  SWKKPKRi 
16  junt:  i'^60  Tt;sT  #z 


Starting  Tina  1000 

1125 

1330 

Station 

CorractM* 

Corractad** 

Correctad*** 

Background 

Initial 

Final 

(cp«) 

(epa) 

(qpa) 

1 

240 

17606.8 

<  Backgrourd 

2 

294 

34200.6 

<  Background 

1 

s’m 

<  Background 

<  Background 

5 

229 

26509.1 

<  Background 

6 

271 

429U.7 

«  Background* 

7 

542 

429'1.9 

«  Background 

8 

267 

18301.0 

19.6 

9 

293 

27049.2 

<  Background 

10 

277 

13264.2 

«  Background 

11 

201 

26586.7 

75.6 

12 

199 

13585.3 

129.7 

13 

310 

18585.8 

21.4 

14 

291 

1648/.9 

32.2 

15 

252 

21348.8 

29.5 

Avaragaa 

288.1 

25676.4 

51.3 

•  Corr«o*.«d  fvr  IU41ub  SUaterd  and  Daoajr 
■  •  CoiTMtad  for  lUdiM  SUadard  and  Raekjtrouiid 
•■•Corraatad  far  Radliai  Standard,  Baakground  and  Daoajr 
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1  il.le  17 

CORRKCTi;n  MOnil.K  SHIKI.DKD  l^KTKCTOR  RF'-ADINGP  FOR  ASPHALT 
ARKA  TKST.S  WITH  TK.NNANT  MODFL  lOODS  SWFKPER 
17  Jl'N'K  1“60  -  RF.MOTK  T[;ST  #3 


SUrtIrv;  T1ji«  C82>  0955  1210 


Station 

Correctod* 

Corracted** 

Corrected* •* 

Background 

Initial 

Final 

(cpa) 

(cpti) 

(ci») 

1 

98.1 

54354.9 

<  Background 

2 

12?.2 

a743.8 

*  Background 

i 

226.4 

35832.6 

Background 

4 

153.6 

37353.4 

Background 

1 

118.2 

149.8 

36225.8 

30691.2 

*•  Background 

7 

229.8 

32831.2 

«.  Background 

8 

185.4 

33388.6 

<  Background 

9 

171.0 

35346.0 

<  Background 

1? 

202.4 

150.3 

<  Background 
a  Background 

12 

179.5 

\9013.5 

a  Background 

13 

2U.8 

17U6.2 

a  Background 

14 

a8.8 

21540.2 

<  Background 

15 

183.3 

33257.7 

a  Background 

Avaragaa 

174.0 

30672.4 

16.6 

*  CoiT«ot«d  for  IUdl\«  Standard  and  Daoaf 
■*  Corraetad  Tor  Xadlun  Standard  and  Baekcrouad 
••■Corraatad  far  Itadlva  Standard,  Baakgrouad  and  Daoajr 
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'I'able 

ci'Hiux:  mobii.k  siiici.dkd  l)^;T^:cTOR  rkadings  for  asphalt 

\r::a  i  iasi.s  win  ri;\\A\'i'  Moi)r:i.  lOOns  swk[;pi;r 
a.  .iim:  P'ao  -  mancai.  Tt;sT  ifi 


SUrtln«r  Tina  0826  0950  1430 


Station 

Corrected* 

Corractad** 

Corractad*** 

Baok|(  round 

Initial 

Final 

(cpn) 

(cpn) 

(cp«) 

1 

a.9 

9621  1 

62.8 

2 

38.8 

26823.2 

104.5 

3 

41.6 

22560.4 

69.3 

4 

40.5 

18123.5 

93.8 

165.3 

5 

U.3 

20518.7 

6 

57,0 

11985.0 

70.3 

7 

59.7 

14844.3 

65.1 

8 

48. 8 

12186.2 

70.7 

9 

U.d 

16435.2 

84.1 

10 

62,1 

10575.9 

61.6 

11 

37,7 

565'*. 3 

65.8 

12 

46.3 

17334.7 

52.3 

13 

14 

47.1 

57.: 

23090.9 

14263.5 

67.2 

47.6 

15 

64.9 

17530.1 

58.6 

ivara^aa 

48.9 

16103.4 

75.9 

*  Conr««t«d  for  ^lua  SUndard  Only 

•*  Corraotod  for  lUdtua  Standard  and  Baoktrouiid 

•*Corraotad  for  lUdlta  Standard,  BaoVfround  and  Daoay 


77 


cc'iRRi-.CTi.n  Ntc^nii.t:  siiiKi.nt  n  i)r/n;c  tor  ri; \iJiNf.s  for  asphalt 
ar?;a  ti;sts  \vi  rn  rLVNAN'T  mc>i)i;l  ioods  swkkpkr 

2^  JfN'i;  1%0  -  MANfAL  TI'.ST  ^2 


StortlDg  Tlao  0830 

1000 

1115 

Station 

Corroetod* 

Corroetod** 

Corroetod*** 

Bo^kgr^und 

W 

1 

68.5 

12501.5 

<  Boekground 

2 

103.0 

15656  0 

<  Background 

3 

91.9 

17200.1 

18.9 

A 

97.2 

162::3.8 

2.6 

5 

96.8 

iait8.2 

39.1 

6 

7 

91.7 

76.1 

19793.3 

26327.9 

^.9 

66.2 

8 

67.1 

19262.9 

78.8 

74.3 

20902.7 

55.4 

25572.7 

51.3 

11 

64.7 

15557.3 

3.4 

12 

59.1 

19787.9 

11.9 

13 

66.6 

a480.4 

27,5 

li 

22667.} 

25446.3 

M 

Arorogoa 

.  80.6 

19437.9 

32.3 

*  Oorr«at«d  for  Mdiva  SUadord  oiid  Doeojr 
**  Cerrootod  for  lUdlva  Stoaterd  oad  Bookgrooad 
•'•Corrooiod  for  lod^.ua  aUadord,  Bookfrouad  oad  Doooy 


CORRKCTKD  MO  BILE  SHIFXDKD  DETECTOR  READINGS  FOR  ASPHALT 
ARE.A  TESTS  WITH  TENNANT  MODEL  lOODS  SWEEPER 
11  JIINE  1960  -  MANUAL  TEST  #3 


I 


Starting  TIm  1120 

1345 

U45 

Station 

Corroetod* 

Corroetad**  Corroetod*** 

1 

66.1 

7743.5 

34.2 

2 

87.4 

17072.3 

104.2 

3 

4 

107.0 

96.5 

61.6 

70.1 

5 

130.8 

isao.i 

70.8 

6 

153.0 

19631.7 

12.4 

7 

137.8 

21591.7 

a.9 

8 

140.6 

24505.5 

1.9 

9 

125.1 

24301.2 

7.0 

10 

127.1 

24033.0 

<  Boekgrouad 

U 

71.3 

12633.5 

a.4 

12 

13 

69.8 

92.7 

49.6 

49.0 

14 

116.1 

2J920.7 

43.4 

15 

108.7 

26788.4 

80.9 

Av«r«c«« 


lOl.A  20207.3  41.9 


•  Corr««t«4  for  (Udlua  9t4adu4  ud  Dooay 

••  Corroctod  for  RodXia  SUadard  oad  Itokcroiiiid 

•■•Corrootod  for  Radiia  Staadord.  laakgrouad  and  Dooay 
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Table  21 

SAMPLE  PAN  WEIGHTS 


Saapl*  Paa 
Miaib«r* 


1 

3 

4 

5 

6 

7 

8 
9 

12 


Av«ra(«t 


Raaotii 

RMDt* 

RmoIs 

Muual 

Huual 

Hsaual 

Uat  1 

Test  2 

Test  3 

Test  1 

Test  2 

Test  3 

Met 

wsl^ht  la  graas  per  square  foot 

49.8 

96.3 

32.8 

20.^ 

27.7 

71. 

18.8 

3^'..0 

49.2 

22.5 

28.2 

29. L 

21.5 

27.5 

48.7 

35.3 

i!:i 

43.0 

34.5 

46.8 

59.3 

36.9 

39.8 

19.5 

38.4 

58.1 

24.6 

42.8 

36.9 

40.0 

71.0 

46.0 

10.7 

33.5 

29.9 

S-T 

63.4 

H-i 

12.7 

27.9 

36.8 

30.4 

17.1 

42.4 

62.3 

53.8 

71.6 

25.8 

17.5 

45.9 

55.2 

35.9 

42.9 

11:^ 

8:! 

il:l 

27.8 

65.1 

47.9 

20.2 

34.9 

35.7 

26.6 

57.0 

50.6 

22.6 

40.6 

38.4 

*S««  flfW*  17 


no 


rN-60-*!S 


04 


s 


«OiA  o  (*V4^  0^  ^ 

••••••••• 

W  fiO  %6  tA  ^ 


II  I 


<0  'ivw>««a^« 
•*•••• 

tA<A<A*n  m<A 


1 


u 


1 1 1 1 1 1 


i/i 

< 

i 

Ui 

-1 

J 

*4 

3 

9 

§ 

< 

1 

in 

s 

3 

rg 

0 

if 

X 

u. 
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<  Q  c  s 
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Al 


2. 


Bureau  of  Yards  and  Docks,  NAVDCCKS  TP-PL-13. 
REmYl,R.:fL.QF  FIXLD  MILITARY  INSTALLATIONS. 
(Unclassified  Report) 


RADIOLOGIC  Al. 
16  April  1958. 


3.  Burson  and  Johnson.  A.STUDY  ON  PROTKCTIOM  FOR  EQUIPMENT 
Q.PLRATORS  FRQ.M  RADIOACTIVE  FALLOUT.  (Unclassified  Title). 
AFSWC  Unpublished  Data,  1957.  (S-RD  Report) 


4.  Caterpillar  Tractor  Company,  Peoria,  Illinois.  Letter  dated  15  August 
1957.  ( Unclassified  Report) 


5. 


Van  Horn.  PROTECTION  OF  ENGINEER  HF.AV 
IN’  RADIOLOGICALLY  CONTAMINATED  AREAS 
3  February  1959.  (Unclassified  Report) 


Y  EQUIPMENT  OPERATOR.*; 
ERDL-TR-1565TR, 


6. 


Barnett.  Schmidt,  and  Birdsall.  AIRFIELD  VACUUM  CLEANER  DECON. 
TAMINATIQN  ENGINEERING  STATUS  REPORT,  (pp  31-32).  10  March 

1958,  Coleman  Engineering  Company,  Inc.,  Lot  Angeles,  California. 
(Unclassified  Report) 


7.  Nehlsen,  W.  R.  DECQ.NTAMINATION  OF  PAVEMENTS  BY  MOTORIZED 
&.WEEPERS;  OPERATIONAL  REQUIREMENTS.  SWEEPER  CHARACTER. 
I£T1C^^.ANJ  DEVELOPMENTAL  PROGRAM.  US  Naval  Civil  Engineering 
Laboratory.  Port  Hueneme,  California.  Technical  Note  N-376  (p  i). 

23  November  1959.  (Official  Use  Only  Report) 

8.  Lee.  Sartor,  und  Van  Horn.  STQNEMAN  II  TEST  OF  RECLAMATION 
PERFORMANCE.  Vol  III,  F..  formance  Characte.-lstics  of  Dry  Decontami- 
nation  Procedu.-es,  U.SNRDL-TR-336,  6  June  1959.  (Unclassified 
Report) 
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DtSTKinUTION 

C  Off  Le  i. 

HEADQUARTERS  USAF 

2  Hq  USAF  (AFCOA),  Wash  25,  DC 

2  Hq  USAF  (AFOOP).  Wash  25.  DC 

2  Hq  USAF(AFOIE).  Wash  25,  DC 

2  Hq  USAF  (AFDAP),  Wash  25.  DC 

1  Hq  USAF  (AFORQ),  Wash  25,  DC 

2  Hq  USAF  (AFDRT),  Wash  25.  DC 

1  Hq  USAF  (AFCIN),  Wash  25.  DC 

1  Hq  USAF  (AFCGMi,  Wash  25,  DC 

1  Hq  USAF  (AFMMP),  Wash  25,  DC 

1  Hq  USAF  (AFCSG.  Bio  Def  Br,  Pr«v  Mod  Dlv)  Bldg  T-8, 

Wash  25,  DC 

1  USAF  Dep  IG  for  Insp(AFCDI-B-3),  Norton  AFB,  Calif 

1  USAF  Dop  IC  for  Safety  ( AFCNSI,  Kirtland  AFB,  NMex 

MAJOR  AIR  COMMANDS 

ARDC,  Andrews  AFB,  Wash  25.  DC 
1  (ROR) 

1  (ROR-61,  Mrs.  Phelps)  For  German  Ministry  of  Defense 

1  AFBMO(WCAT).  AF  Unit  Post  Office,  Los  Angeles  45.  Calif 

1  AOSIO,  Hanscom  fid,  Bedford,  Mass 
SAC.  Offutt  AFB,  Nebr 

2  (OAWS) 

1  (SUP) 

1  ( OINC) 

1  TAC(TDA).  Langley  AFB.  Va 

AMC,  Wright'Patterson  AFB,  Ohio 

2  (MCW7) 

1  (MCTSM) 

2  ADC  (Ops  Anlys),  Ent  AFB,  Colorado  Springs,  Colo 

I  ATC,  Randolph  AFB,  Tex 

1  AUL,  Maxwell  AFB,  Ala 

2  AAC  (Ops  Anlys),  APO  942,  Ssattle,  Wash 

2  Carib  Del  Comd  (Ops  Anlys),  APO  825,  New  Orleans.  La 


r\-hO- j 


nis  I  RIIUn  iDN  (c-ont'cl) 

No.  Copies 

\  l>S.-\  FIT  ( I'SAF  Institute  of  Technology),  ATTN;  MCL.I-FS,  Capt 

Glenn  Sherwood),  Wright-Patterson  AFR,  Ohio 

1  CONAC,  Mitchel  AFR,  NY 

1  I’SAFK.d'ps  \nlys),  \10h33,  NY,  NY 

1  PACAFlOps  .'nlys),  .AI’C*  ‘'S3,  San  Francisco,  Calif 

I  ''S.AFA,  I'nited  .States  .Air  Force  Academy,  Colo 

ni’mr):ri;i)  AIR  forcfs 


I  2d  AF  (Ops  Anlys).  Barksdale  AFR,  l.a 

I  Sd  AF  (  Dir  of  F.ngr  l.n),  APO  P'S,  NY,  NY 

I  Sth  AF(Ops  Anlys),  APO  San  Francisco,  Calif 

I  flth  .AF  (Ops  .Anlyil,  Westover  .AFR,  Mass 

I  I  Sth  AF  (Ops  Anlys),  March  AFR,  Calif 

ARDC  CF.NTKRS 

1  AFMDC  (.MDCRT),  Holloman  AFR,  NMex 

I  AFCCDD  ( Technical  l.ibrary),  Hanscom  Fid,  Bedford,  Mass 

I  AFFTC  (FTOTl.),  PdwardsAFR,  Calif 

I  AFMTC  (  MTC.RY',  Patrick  AFR,  Fla 

1  APCC  (F’CTRl),  llglin  AFR,  Fla 

I  AFPC  (AKOI),  .Arnold  Air  Force  Station,  Tenn 

1  RADC  (  RCSST),  r.riffiss  AFR,  Nv 

WADD,  Wright-Patterson  .A FB,  Ohio 
3  (WWAD) 

I  (WWOOD) 

1  (WWRM))S-12) 

2  (W'WONRV,  Mr.  l.usk) 

i  AF  Research  Division  (  I  echnical  l,l))rary)  lildg  T-Y, 

Wash  2S,  DC 

Kl.tTl.ANI)  AFR 

AFSWC,  Kirtland  AFR,  NMex 
I  (SWMl) 

50  (SWO!) 

10  (SWRR) 


>14 


DISTRtBl’TION  (cont'd) 

Ng.  CdjLea... 

1  4‘>2=)th  Test  Gp(A),  Kirtland  AFB,  N'Mex 

1  4aS0th  T,.s!  Gp  (N),  Kirtland  AFB.  NMex 

1  Co.-nmandmg  Officer,  Maval  Air  Special  Weapons  Facility, 

Kirtland  AFB,  NMex 

1  ADC  Res  Rep,  AFSWC,  Kirtland  AFB,  NMex 

1  ATC  Res  Rep,  AFSWC.  Kirtland  AFB,  NMex 

1  AMC  Albuquerque  I.n  Ofc,  AFSWC,  Kirtland  AFB,  NMex 

1  SAC,  Res  Rfp,  AFSWC,  Kirtland  AFB,  NMex 

1  TAG  Res  Rep.  AFSWC,  Kirtland  AFB,  NMex 

OTHFR  AIR  FORCF,  AGENCIES 

1  Lowry  Tech  Tr.g  Cen  (Dept  of  Wput  Tng),  Lowry  *FB,  Colo 

Los  Angeles  Air  Procurement  District,  ATTN:  Administrative 
Contracting  Officer,  1700  Main  Street,  Santa  Monica,  Calif 

1  For  (  RAND  Nuclear  Energy  Division) 

I  For  (RAND  Library) 

1  SAAMA(GAW),  Kelly  AFB,  Tex 

1  rSAF  Sch  of  Avn  Med,  Randolph  AFB,  Tex 

1  406th  Civil  Engineering  Squadron  ( M  r.  E.  L.  Lieb),  Clark  Air 

Base,  AP0  74,  San  Francisco,  Caiif 

Assistant  Secretary  for  Air,  R bD,  The  Pentagon,  Wash  25,  DC 
1  (Technical  Library) 

1  (Civil  Defense  Division) 

ARMY  ACTIVITIES 

1  Chief  of  Research  and  Development,  Department  of  the  Army, 

ATTN;  Special  Weapons  and  Air  Defense  Division,  Wash  26,  DC 

1  The  Surgeo.t  General,  Department  of  the  Army,  ATTN:  Chief, 

Research  a.id  Development  Division,  Wash  26,  DC 

1  Commanding  Officer,  Diamond  Ordnance  Fuze  Laboratories, 

ATTN;  ORDTL06.3J,  Wash  25.  DC 

1  Director,  Walter  Reed  Army  Institute  of  Research,  Walter  Reed 

Medical  Center,  Wash  12,  DC 

1  Commanding  Officer,  Chemical  Warfare  Laboratories,  ATTN: 

Library,  Army  Chemical  Center,  Md 

Commandant,  Arnr»y  War  College,  ATTN;  Library,  Carlisle 
Barracks,  Pa 
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DISTRIBUTION  (cont'd) 


Dircvjtor,  Special  Weapons  Development,  Headquarters  CONARC, 
Ft.  Bliss,  Tex 

Commander,  Army  Rocket  and  Guided  Missile  Agency  (ARGMA), 
Redstone  Arsenal,  Ala 

Commander  Army  Ballistic  Missile  Agency,  ATTN:  Technical 
Library,  Redstone  Arsenal,  Ala 

Director,  Ballistic  Research  Laboratories,  ATTN:  Library, 
Aberdeen  Proving  Ground,  Md 

Director,  FIvans  Signal  Laboratory,  ATTN:  Weapons  Effects 
Section,  Belmar,  NJ 

Commending  Officer,  Picatinny  Arsenal,  ATTN:  ORDBB-TVI, 
Dover,  NJ 

Commanding  Officer,  Chemical  Corps  School,  Army  Chemical 
Training  Center,  ATTN:  Library,  Ft  McClellan,  Ala 

Commanding  General,  White  Sands  Missile  Range,  ATTN:  Tech¬ 
nical  Library,  White  Sands  Missile  Range,  NMex 

Army  Ordnance  Liaison  Officer,  P.  O.  Box  5100,  Sandia  Base, 
NMex 

Commanding  Officer,  US  Army  Engineers,  Research  and  Develop¬ 
ment  Laboratories,  Ft  Delvoir,  Va 

ATTN:  Mr.  Neil  K,  Dickinson  I ERDMW) 

ATTN:  Mr.  T,  G.  Timberlake,  Mechanical  Engr  Dept 

Operations  Research  Office,  Johns  Hopkins  University,  ATTN: 
Document  Control  Office,  b’f'iS  '  rlington  Rd,  Bethesda,  Md, 

Wash  U,  DC 

Chief  of  Engineers,  Department  of  the  Army,  ATTN:  ENGEB, 
Wash  25,  DC 


NAVY  ACTIVITIES 

Chief  of  Naval  Operations,  Department  of  the  Navy,  ATTN; 
OP-36,  Wash  25,  DC 

Chlet  of  Naval  Research,  Wash  25,  DC 

Chief,  Bureau  of  Naval  Weapons,  Department  of  the  Navy. 

Wrsh  25,  DC 

Chief,  Bureau  of  Medicine  and  Surgery,  7'TN:  Special  Weapons 
Defense  Division,  Wash  25,  DC 

Commanding  Officer,  Naval  Research  Laboratory,  Wash  25,  DC 


T\'-60-2‘; 


No.  Copies 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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l)ISrilia;'TK-.\  (cont'd) 


Corrmanding  Officer,  \'aval  Radiological  Defense  Laboratory, 

San  Francisco  Z4,  Caiif 

ATTN;  Technical  Information  Divis'On 

ATTN:  Mr.  D.  K.  Clark,  Camp  Parks 

ATTN:  Military  F.valuation  Croup 

Commander,  Naval  Ordnance  Laboratory,  White  Oak,  Silver 
Spring,  Md 

Commander,  Naval  Air  Test  Center,  Naval  Air  Station, 

Patuxent  River,  Md 

Commanding  Officer  and  Director,  Navy  Electronics  Laboratory, 
ATTN:  Code  4223,  San  Diego  S2,  Calif 

Commander,  Naval  Air  Missile  Test  Center,  Point  Mugu,  Calif 

Officer-in*Charge,  Civil  Engineer  Corps  Officers,  US  Naval 
School,  Naval  Construction  Battalion  Center,  Port  Haeneme, 

Calif 

Director,  Special  Projects,  Department  of  the  Navy,  Wash  25,  DC 
Naval  Civil  F.ngincering  l-aboratoiy,  I'ort  Hueneme,  Calif 
ATTN:  Commencing  Officer  and  Director 
ATTN;  Mr.  William  R.  Nehlsen,  Process  Division 

OTHER  IX)D  ACTIVITIES 


1  Director,  Weapon  Systems  Evaluation  Group,  Office  of  Assistant 

Secretary  of  Defense,  Room  2EI006,  The  Pentagon,  Wash  25,  DC 

1  Chief,  Defense  Atomic  Support  Agency,  ATTN:  Document  Library 
Branch,  Wash  25,  DC 

2  Commander,  Field  Command,  Defense  Atomic  Support  Agency, 
ATTN:  FCAG3,  Sandia  Base,  NMex 

1  Federal  Civil  Defense  Administration,  Battle  Creek,  Mich 

1  Superintendent,  US  Naval  Postgraduate  School,  Monterey,  Calif 

1  Commandant,  US  Marine  Corps,  Department  of  the  Navy, 

Wash  25,  DC 

10  ASTIA  (TlPDR),  Arlington  Hell  Sta,  Arllngt  .,  12,  Va 

1  Chairman,  Armed  Services  Explosives  Safety  Board,  Wash  25,  DC 

2  Director,  Advanced  Research  I'^rojects  Agency,  Department  of 
(defense.  The  Pentagon.  Wash  25,  DC 

1  OTS,  Department  of  Commerce,  Wash  25,  DC 
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I'S  Atomic  t-'.nergy  Commission,  ATTN:  Technical  Reports 
Library  ( M rs.  J.  O'Leary,  for  DMA),  Wash  2S,  DC 

President,  Sand.s  Corporation,  A  TTN;  Document  Control  Divi¬ 
sion,  Sandia  Base,  KMex 

Chief,  Technical  Information  Service  I'.xtension,  US  Atomic  Fmergy 
Commission,  Box  62,  Oak  Ridge,  Tenn 

Director,  University  of  California  Lawrence  Radiation  Laboratory, 
Technical  Information  Division,  ATTN:  Mr.  Clovis  Craig,  P.  O. 
Box  ROft,  Livermore,  Calif 

University  of  California  l.awrence  Radiation  l-aboratory,  Berkeley, 
Calif 

Civil  effects  Test  Operation,  Division  of  Biology  and  Medicine, 
ATTN:  Mr.  R.  L.  Corsbie,  USAEC,  Wash  25,  DC 

Director,  l.os  Alamos  Scientific  Laboratory,  ATTN:  Helen 
Redman,  Report  Library,  P.  O.  Box  1663,  Lop  Alamos,  NMex 

Manager,  Albuquerque  Operations  Office,  US  Atomic  Energy 
Commission,  ATTN:  Office  of  Test  Operations,  P.  O.  Box  5400, 
Albuquerque,  NMex 

New  York  Operations  Office,  AEG,  New  York,  NY 
ATTN:  Mr.  A,  J.  Breslin 
ATTN:  Mr,  L.  R.  Solon 

OTHER 

Argonne  National  Laboratory,  ATTN:  Miss  Hoylande  U  Young, 

P.  O.  Box  299,  Lemont,  III 

Atomics  International,  Division  of  North  American  .Aviation, 

P.  O.  Box  309,  Canoga  Park,  CaLf 

Knolls  Atomic  Power  Laboratory,  Schenectady,  NY 

President,  Masaachusetta  Institute  of  Technology,  Cambridge  39, 
Mass. 

Nuclear  Development  Corporation  of  America  5  New  Street, 

White  Plains,  NY 

Masscchusetts  Institute  of  Technology,  Lincoln  Laboratory, 

P.  O.  Box  73,  Lexington  73,  Mass 

l.ockheed  Nuclear  Prop,  Lockheed  Aircraft  Corporation,  AFP  #67, 
Dawsonville,  Ga 

C.  H,  Tenncnt  Company,  Middle  Atlantic  Division  Office,  ATTN: 
Mr.  Robert  H.  Trost,  2041  Wilson  Boulevard,  Arlington  1,  Va 
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New  York  Central  System,  ATTN:  Mr.  J.  J.  Wright,  Director 
of  Technical  Research,  ST7  l-last  ISZnd  Street,  Cleveland  10, 

Ohio 

Hughes  .Aircraft  f-ompany,  .Airborne  Systems  Cr  mp,  ATTN: 

Mr.  H.  K.  Carlson,  .Manager,  Culver  City,  Calif 

American  .Machine  Ki  Foundry  Company,  Mechanics  Research 
Division,  .ATTN:  Mr.  .Marvin  11.  l.evine,  7501  North  Natchez 
.Avenue.  Niles  4R,  Ill 

Convair,  A  Divisio.  of  General  Dynamics  Coiporation,  Fort 
Worth,  Texas 

General  F.lectric  Company,  Atomic  Products  Division,  Aircraft 
Nuclear  Propulsion  Department,  Cincinnati  15,  Ohio 

I'niversity  of  California  Departmen‘  of  F-ngineering,  Civil  Defense 
Research  Project,  1301  South  46th  Street,  Richmond  4,  Calif 

G.  H.  Tennant  Company,  .ATTN;  Mr.  O.  C,  Hognander,  701 
North  Lilac  Drive.  Minneapolis  22,  Minn 

Federal  .Aviation  Agency,  ATTN:  Mr.  Herman  P.  Bretsch, 

Chief,  Emergency  Readiness  Division,  Office  of  Plans  and 
Require  nents,  Washington  25,  DC 

North  American  Aviation,  J.os  A  igeles  Division,  ATTN;  Miss 
Blaine  Rcss, Department  56,  Group  129,  Los  Angeles  45,  Calif 

Admiral  Corporation,  ATTN:  Mr.  Heinz  Lewin,  Technical 
Library,  3800  Cortland  Street,  Chicago  47,  III 

Fdgerton.  Germeshauseii  and  Crier,  ATTN;  Mr,  Sandy  Sigoloff, 
Santa  Barbara  Airport,  .Santa  Barbara,  Calif 

Mr.  W.  J.  Keller,  Bureau  of  Public  Roads,  Division  Nine, 
Department  of  Commerce,  117  US  Court  House,  Santa  Fe,  NMex 

Custom  F.lectronlcs,  Inc,  ATTN;  Mr.  H.  Markowitz,  1 132  Texas 
Street,  Fil  Paso,  Tex 

Thompson  Ramo  Wooldridge  Company,  Inc. ,  Dage  Television 
Division,  West  lOth  Street.  Michigan  City,  Ind 


